
U.S.S.N: 08/480,850 

Filed: June 7, 1995 

SECOND AMENDMENT AND 

RESPONSE TO OFFICE ACTION UNDER 37 C.F.R. §1.116 

Rejections Under 35 U.S.C. 8&lQ2ftri and 103 

In the Office Action mailed November 14, 1996, the Examiner rejected Claims 7, 8, 
and 16 under 35 U.S.C. § 102(b) as anticipated by or under 35 U.S.C. §103 as obvious over the 
article by Lee, Francis K., et al, "Detection of Herpes Simplex Virus Type 2-Specific Antibody 
with Glycoprotein G," 7 Clin. Microbiol 22(4):641-644 (October 1985) or the article by Lee, 
Francis K., et a/., "A Novel Glycoprotein for Detection of Herpes Simplex Virus type 1 -specific 
Antibodies," 7 Virol Methods 14:1 1 1-118 (1986). The Examiner noted that the cited articles 
teach the production and use of herpes simplex virus gG-1 and gG-2 antigens, the rejected claims 
are product-by-process claims, and patentable distinctions between the material, structural, and 
functional characteristics of the claimed compositions and the prior art compositions had not yet 
been demonstrated. Applicants respectfully submit that the amendments to the claims overcome the 
rejection. 

Claims 7 and 8 have been amended to clarify that the claimed herpes simplex virus 
gG-1 and gG-2 antigens are recombinant antigens. Claim 16 also specifies that the claimed 
antigens are recombinant. 

Lee et a/., 7. Clin. Microbiol 22:6 4^-64 4X1985), teach the use of purified herpes 
simplex virus type 2-specific glycoprotein (gG-2) in an immunodot enzymatic assay for the 
detection of HSV-2 antibodies in human serum. The gG-2 antigen used by Lee et al (1985) was 
purified from HSV-2-infected HEp-2 cells using immunoaffinity chromatography columns 
containing the anti-gG-2 mouse monoclonal antibodies H966 and HI 206. Applicants respectfully 
submit that Lee et al (1985) fail to disclose a recombinant gG-2 antigen. 

Lee et al, 7. Virol Methods 14: 1 1 1-1 18 (1986), teach the purification of herpes 
simplex virus type 1 -specific glycoprotein (gG-1) using the mouse monoclonal antibody HI 379-2. 
Applicants respectfully submit that Lee et al (1986) fail to disclose a recombinant gG-1 antigen. 

Applicants respectfully submit that recombinant gG-1 and gG-2 glycoprotein 
antigens are structurally different from gG-1 and gG-2 glycoprotein antigens produced by the 
herpes simplex virus types 1 and 2. As explained in the present specification, although the 
recombinant and gG-1 and gG-2 glycoproteins produced by the method described in the present 
application react with the same antibodies that react with non-recombinant HSV gG-1 and gG-2 
glycoproteins, the recombinant proteins are different in that they are differently glycosylated than 
the non-recombinantly produced glycoproteins. (See page 25, line 20 to page 26, line 7 of the 



-3- 




U.S.S.N.: 08/480,850 

Filed: June 7, 1995 

SECOND AMENDMENT AND 

RESPONSE TO OFFICE ACTION UNDER 37 C.FR. §1.116 

present specification.) Therefore, by describing the gG-1 and gG-2 antigens as "recombinant" 
antigens, they are by definition structurally different from the naturally-produced glycoproteins 
described by Lee et al (1985) and Lee et al (1986). Applicants note that the Examiner has 
provided no reference teaching the production of recombinant HSV glycoproteins gG-1 and gG- 
2 using any vector. 

Structural differences between the claimed recombinant HSV glycoproteins gG-1 
and gG-2 and naturally produced gG-1 and gG-2 are shown in Figures 3 and 4 of the scientific 
article by Sanchez-Martinez and Pellett, "Expression of HSV- 1 and HSV-2 Glycoprotein G in 
Insect Cells by Using a Novel Baculovirus Expression Vector", Virol 182:229-238 (1991). This 
article describes experimental data generated by the applicants that was included in Figures 3 and 4 
and on page 21, lines 3-16 and page 23, lines 19-30 of the present specification. A new copy of 
this article is enclosed as Exhibit \ so that the Examiner can more clearly see the electrophoretic - 
bands. For example, Figure 3C of the Sanchez-Martinez and Pellett article provides an 
immunoblot analysis comparing the molecular weights of proteins extracted from Sf9 cells infected 
with the baculovirus vector AcDSMgG-1 containing the gG-1 gene (recombinant gG-1) with 
proteins extracted from HEp-2 cells infected with HSV-1 (non-recombinant gG-1). The 
recombinant gG-1 shows strong bands at 42 and 43 kDa, whereas the non-recombinant gG-1 
shows a smear between 50 and 57 kDa. Similarly, Figure 4D of the Sanchez-Martinez and Pellett 
article provides an immunoblot analysis comparing the molecular weights of proteins extracted 
from Sf9 cells infected with the baculovirus vector AcDSMgG-2 containing the gG-2 gene 
(recombinant gG-2) with proteins extracted from HEp-2 cells infected with HSV-2 (non- 
recombinant gG-2). The recombinant gG-2 shows distinct bands at 107, 1 18, 128 and 143 kDa, 
whereas the non-recombinant gG-2 shows a smear between 78 and 118 kDa. It is well understood 
by those skilled in the art that proteins having different immunoblot band patterns are considered 
structurally different. 

Applicants respectfully submit that because the claimed recombinant HSV 
glycoproteins gG-1 and gG-2 are different from non-recombinant gG-1 and gG-2 antigens, the 
claimed antigens are not anticipated by the cited references and the rejection under 35 U.S.C. 
§ 102(b) should be withdrawn. 

The Examiner rejected Claims 7, 8, and 16 under 35 U.S.C. §103 as obvious over 
the articles of Lee et al, (1985) or Lee et al (1986) alone and in view of the article of Luckow, 
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Verne A., et al, "Trends in the Development of Baculovirus Expression Vectors," 
Bio/Technology, 6:47-55 (January 1988) or the article of Matsuura, Yoshiharu, etal, 
"Baculovirus Expression Vectors: the Requirements for High Level Expression of Proteins, 
Including Glycoproteins," /. Gen. Virol, 68: 1^025011987). The Examiner stated that the 
monoclonal antibodies used by Lee et al. (1985) and (1986) appeared to be the same as those 
described on page 7 of the present specification and that one skilled in the art would have been 
motivated to express the HSV gG-1 and gG-2 glycoproteins in a baculovirus system as taught by 
Luckow et al. and Matsuura et al. for other proteins. 

Lee et al (1985) and (1986) teach the use of affinity chromatography-purified HSV 
gG-1 and gG-2 glycoproteins as described above. 

Matsuura et al teach that the polyhedrin gene promoter of Autographa calif ornica 
nuclear polyhedrosis virus (AcNPV) is useful for high level expression of a glycoprotein of 
lymphocytic choriomeningitis virus. Matsuura et al. suggest that the synthesis is related to the 
integrity of the 5' non-coding region of the polyhedrin gene. Matsuura et al teach that the 
baculovirus vector pAcYMl provides expression of the glycoprotein precursor (GPC) of 
lymphocytic choriomeningitis virus amounting to approximately 20% of the total cellular protein. 

Luckow et al is a review article directed to baculovirus expression vectors. 
Luckow et al. describe numerous factors affecting the expression of foreign genes by baculovirus 
vectors including optimizing placement of the foreign gene within the transfer vector. Applicants 
respectfully submit that Luckow et al fail to teach use of the vector pAcDSM, fail to teach insertion 
of the foreign gene precisely at the translation initiation codon of the polyhedrin gene, without 
either missing any nucleotide present in said initiation codon or introducing any extraneous 
nucleotide at the initiation codon site, and fail to teach or suggest expression of herpes simplex 
virus antigens. 

As discussed above, the claims of the present application are directed to 
recombinant HSV gG-1 and gG-2 antigens produced from a novel baculovirus vector. Not only 
are the recombinant antigens structurally different from naturally produced gG-1 and gG-2 
antigens as described above, but the claimed recombinant antigens are produced in greater 
quantities thereby yielding a purer product than recombinant gG-1 and gG-2 antigens produced 
using vectors such as vaccinia vectors or alternative baculovirus systems such as the pAc373 
baculovirus system. In addition, the claimed recombinant gG-1 and gG-2 proteins are produced in 
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the absence of the other 80 herpes simplex virus proteins that are produced naturally by herpes 
simplex virus type 1 or herpes simplex virus type 2-infected mammalian cells. Nearly every gene 
encoded by herpes simplex virus type 1 has a genetic counterpart in herpes simplex virus type 2, 
and the protein products of these homologous genes have significant antigenic cross-reactivity, 
except for gG-1 and gG-2. This is the basis of the unique utility of these proteins for construction 
of HSV type-specific serologic assays. The claimed proteins are therefore much purer and less 
likely to be contaminated by HSV-type cross-reactive antigens than gG-1 and gG-2 proteins 
produced by other means. 

The Examiner stated that Lee et al (1985) and Lee et al (1986) use the monoclonal 
antibodies HI 206 and HI 379 in a detection assay to measure HSV-2 and HSV-1. The Examiner 
then concluded that applicants use the same antibodies, described on page 7 of the present 
specification, to purify the claimed recombinant proteins. Applicants agree that they used the 
same antibodies as Lee et al (1985) and Lee et al (1986), but applicants respectfully submit that 
they used the antibodies for a different purpose. As described above, Lee et al (1985) and Lee et 
al (1986) use the antibodies to prepare affinity chromatography columns, which are used to isolate 
gG-1 or gG-2 antigens as follows. Extracts from cells infected with HSV-1 or HSV-2 are passed 
through columns packed with a resin to which is bound the type-specific antibodies. The gG-1 
antigen or gG-2 antigen present in the extract couples to the type-specific antibodies on the column 
as the extract passes through the column. The column is washed to remove any residual cellular 
components, and the bound antigen is then eluted from the column and collected. In contrast, the 
present specification states, on page 7, lines 27-30, that monoclonal antibodies, designated HI 379 
and HI 206, were obtained from Dr. Lenore Pereira. Use of the monoclonal antibodies in an 
immunoblot assay to analyze gG-1 or gG-2 protein production from the baculovirus system is 
described in the specification on page 12, lines 22-26. Use of the monoclonal antibody H1206 for 
detection purposes is also taught on page 21, line 22 to page 22, line 8 and the results shown in 
Figures 4A and 4B. Applicants respectfully submit that the present specification describes the use 
of monoclonal antibodies to confirm that the proteins expressed from the baculovirus systems were 
recombinant gG-1 and gG-2. Applicants are not using the monoclonal antibodies in an affinity 
column for purposes of antigen purification. The mere fact that the recombinant and non- 
recombinant antigens bind to the same monoclonal antibody does not demonstrate that the proteins 
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are identical, it indicates only that the recombinant and non-recombinant proteins share an epitope 
with which the monoclonal antibodies cross-react. 



In conclusion, applicants respectfully submit that Claims 7, 8 and 16 are novel and 



non-obvious in view of the references cited by the Examiner. 



Applicant maintains that the claims are in condition for allowance. A Notice of 



Allowance is therefore respectfully solicited. If the Examiner believes any informalities remain in 
the application that may be corrected by Examiner's Amendment, or there are any other issues that 
can be resolved by telephone interview, a telephone call to the undersigned attorney at (404) 818- 
3773 is courteously solicited. 



Jones & Askew 
37th Floor 

191 Peachtree Street, N.E. 
Atlanta, Georgia 30303-1769 

(404)818-3773 

Attorney Docket No. 03063-01 1 1 
March 14, 1997 



Conclusion 



Respectfully submitted, 
JONES & ASKEW 
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Herpes simplex virus types 1 and 2 (HSV-1 and HSV-2) glycoprotein G (gG-1 and gG-2) were expressed in insect cells 
from recombinant baculoviruses (AcDSMgG-1 and AcDSMgG-2, respectively) constructed using a novel baculovirus 
transfer vector, pAcDSM. This vector allows the coding region of a foreign gene to be precisely linked to the baculo- 
virus polyhedrin gene at the translation initiation site and retains the native polyhedrin translation initiation environ- 
ment. Fourfold more gG-1 , with a higher ratio of glycosylated to unglycosylated product, was produced by AcDSMgG-1 
than by Ac373'gG-1, a recombinant baculovirus which differs from AcDSMgG-1 by the presence of 21 extraneous 
nucleotides in the 5' nontranslated sequence. gG-1 and gG-2 expressed in recombinant baculovirus-infected insect 
cells undergo cotranslational N-linked glycosylation, but the overall processing of the proteins differs from that ob- 
served in HSV-1- or HSV-2-infected cells. Despite these differences, baculovirus-expressed gG-1 and gG-2 were 
recognized in a HSV type-specific manner by human serum specimens. © 1991 Academic Press, inc. 



INTRODUCTION 

Herpes simplex virus type 1 (HSV-1 ) and herpes sim- 
plex virus type 2 (HSV-2) are genetically very similar 
(Kieffefa/., 1972; Ludwig ef a/., 1972), resulting in ex- 
tensive antigenic cross-reactivity (reviewed by Nah- 
mias and Dowdle, 1968; and Honess and Watson, 
1 977). This cross-reactivity has resulted in many sero- 
logic tests for distinguishing prior infection with HSV-1 
from that with HSV-2 being laborious as well as fre- 
quently inconclusive, particularly with specimens con- 
taining antibodies to both viruses (Nahmias et al. t 
1970). 

The identification of glycoprotein G as a type-spe- 
cific antigen (gG-1) (Ackermann etai, 1986; Richman 
etal., 1986)(andgG-2)(Roizmanefa/., 1984; Marsden 
et al. f 1 984) allowed the development of accurate type- 
specific serologic assays (Lee etai, 1985, 1986; Nah- 
mias et ai, 1986; Ashley et al. t 1988). Studies using 
these assays have clearly demonstrated the accuracy 
that can be obtained using reactivity with gG-1 and 
gG-2 as the basis for the assay, but because of difficul- 
ties in preparing and standardizing reagents, the tests 
have been performed routinely in few laboratories. To 
obtain abundant supplies of well-characterized antigen 
for use in serologic tests and in studies of the host 
immune response to gG, and to bypass large-scale 
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culturing of pathogenic agents, we have expressed 
gG-1 and gG-2 in the baculovirus expression system 
(reviewed by Luckow and Summers, 1 988). 

Although high levels of gene expression have been 
obtained using the baculovirus system, in only a few 
cases has the level of gene expression approached 
that of native polyhedrin. Kozak (1 981 ) has shown that 
sequences immediately surrounding the translation ini- 
tiation site can have a profound effect on the efficiency 
of translation initiation. We hypothesized that at least 
some of the differences in the level of gene expression 
between native polyhedrin and foreign genes inserted 
in its place may be due to missing or extraneous nu- 
cleotides in the vicinity of the translation initiation co- 
don in vectors currently in use (Smith etai, 1 985; Mat- 
suura etal., 1987; Luckow and Summers, 1989). Thus 
the most efficient expression of a foreign gene in this 
system might occur if the native polyhedrin sequences 
controlling regulation of transcription and translation 
embedded in the 5' nontranslated leader sequence 
were unaltered and joined to the coding region of the 
foreign gene precisely at the translation initiation site, 
with no missing or extraneous nucleotides.* 

We describe in this report (i) the creation of a baculo- 
virus transfer vector that fulfills the above require- 
ments, (ii) its application for the construction of recom- 
binant baculoviruses expressing gG-1 and gG-2 in in- 
sect cells, and (iii) the characterization and type 
specificity for HSV antibodies in human serum speci- 
mens of baculovirus-expressed gG-1 and gG-2. 
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MATERIALS AND METHODS 

Cells and viruses 

Wild-type and recombinant AcNPV were grown and 
assayed in a continuous ovarian cell line (Sf9) derived 
from Spodoptera frugiperda (fall armyworm), as 
previously described (Summers and Smith, 1 987). Sf9 
cells (ATCC No. CRL 1711) were obtained from the 
American Type Culture Collection (Rockville, MD). 
Wild-type AcNPV and the gene transfer vector pAc373 
(Smith et at., 1985) were obtained from Dr. Max Sum- 
mers, Texas A&M University (College Station, TX). 
HSV-KF) and HSV-2(G) (Ejercito etal., 1968) were ob- 
tained from Dr. Bernard Roizman, University of Chi- 
cago (Chicago, IL) and grown and propagated as de- 
scribed (Morse et ai, 1977). Monoclonal antibodies 
specific for gG-1 (H1379)(Leeef ai, 1986) and specific 
for gG-2 (H 1 206) (Lee et ai, 1 985) were obtained from 
Dr. Lenore Pereira, University of California, San Fran- 
cisco (San Francisco, CA). 

DNA manipulations 

DNA manipulations were carried out essentially as 
described (Maniatis et ai, 1982). Restriction endonu- 
cleases and T4 DNA polymerase were purchased from 
New England BioLabs (Beverly, MA), mung bean exo- 
nuclease from Pharmacia LKB Biotechnology Inc. 
(Piscataway, NJ) t and T4 DNA ligase from Boehringer- 
Mannheim Biochemicals (Indianapolis, IN). Oligonucle- 
otides were synthesized in a Model 380 DNA synthe- 
sizer from Applied Biosystems (Foster City, CA). 

Construction of modified gene transfer vectors 

pPP-2. pPP-1 was constructed by digesting pUC8 
(Vieira and Messing, 1982) with Nar\ and filling in the 
overhanging 5' nucleotides using T4 DNA polymerase, 
followed by self-ligation, resulting in the elimination of 
the Nar\ site. A synthetic oligoduplex AB (Fig. 1 A) was 
ligated between the EcoRI and the H/n6\\\ sites of pPP- 
1, to obtain pPP-2. This vector can be used to con- 
struct gene fusions at any of the three reading frames 
by using blunt-end ligations at the appropriate site. The 
fused gene would then be removed from the vector by 
digestion at the flanking EcoRI and Hind\\\ sites and 
inserted into a baculovirus transfer vector such as 
pAc373 at the desired site, using blunt ends if neces- 
sary. 

pAcDSM. pAc373 was digested to completion with 
Sail and Kpn\. The DNA fragment spanning the region 
between 3. 1 8 and 4.43 kilobase pairs (kbp) in the coor- 
dinate system of Summers and Smith (1 987) was puri- 
fied from agarose and inserted into pUCl9 (Norrander 
et ai, 1 983) that had previously been digested with the 



same enzymes. The resulting plasmid (pDM1) was lin- 
earized by digestion with Aval. After PEG precipitation 
(Sadhu and Gedamu, 1988), 5' overhanging nucleo- 
tides were removed by digestion with 150 units of 
mung bean exonuclease/^g of DNA to obtain blunt 
ends, followed by Kpn\ digestion. A synthetic oligodu- 
plex, V78 (Fig. 1 A), was inserted between the Kpn\ site 
and the blunt end (nucleotide -9 of the 5' leader se- 
quence of the polyhedrin gene) of pDM1 to obtain 
pDM2. The fidelity of the construct was checked by 
nucleotide sequencing using primers flanking the 
cloned fragment. pDM2 was digested with EcoRV and 
Kpn\. The resulting 1 18-bp fragment was ligated to 
pAc373 previously digested with the same enzymes to 
obtain the transfer vector pAcDSM. 

In order to use pAcDSM, it is digested with Pst\, 
treated with T4 DNA polymerase to trim the 3' over- 
hanging nucleotides to a blunt-ended C at position -9 
of the polyhedrin 5' nontranslated leader sequence, 
and then digested at another restriction site in the poly- 
linker using an enzyme which generates a cohesive 
terminus, allowing for efficient directional insertion of a 
foreign gene (Fig. 1 B). The foreign gene is modified for 
compatibility with the vector by assembling a segment 
of DNA containing, from 5' to 3', the nucleotides -8 to 
- 1 of the 5' nontranslated leader sequence of the poly- 
hedrin gene, the translation initiation codon, the cod- 
ing region of the foreign gene,lhe downstream region 
through the polyadenylation signal, and a unique re- 
striction site compatible with one in the transfer vec- 
tor's polylinker. Segments of DNA containing these 
features can be constructed by using standard cloning 
techniques and synthetic oligonucleotides as was 
done here, by total synthesis using long synthetic oligo- 
nucleotides, or by using the polymerase chain reaction 
(Saiki et ai, 1 985) with appropriately tailed primers. 
When the modified segment of DNA is inserted into 
pAcDSM prepared as described above, the C in posi- 
tion -9 of the polyhedrin 5' nontranslated leader se- 
quence is linked to the first nucleotide of the modified 
gene (C in position -8), regenerating the 5' leader se- 
quence of the polyhedrin gene. 

Cloning gG-1 and gG-2 into baculovirus transfer 
vectors 

For convenience, the nucleotide sequence coordi- 
nates reported for the genomic sequence of HSV-1 
strain 17 (McGeoch et ai, 1988) and for the Hinti\\\ L 
fragment of HSV-2 strain HG52 (McGeoch et ai, 1 987) 
are used throughout this paper. HSV-1 strain F (HSV- 
KF)) and HSV-2 strain G (HSV-2(G)) DNAs were sepa- 
rately digested to completion with BamH\ and shotgun 
cloned into pUC!9. Plasmids carrying HSV-1 (F) BamH\ 
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gG-1 -coding 
region 



5* aattctataaat'batgtcgcagggcgcccggtacca 



G ATATTT A t 



T ACj AGCGT C pCGCGGGCC A TGGTTCG A t 

Narl Kpnl Hindi It 

Asp718 



TGCAGGAGCTCCCCGGGGGATCCTCTAG AGGT AC 
ACGTCCTCGAGGGGCCCCCT AGGAGATCTC 



gG-1 -coding 
region 



ATTGGTACCTATAAATATG fCGCAGGG 



T AACCATGGAT ATTTA 



TACAGCGTCCCGC 



B 

pAcDSM 



AcDSMgG-1 



c 

Polyhedrin 
AcOSMgG-1 



.T AAT AAAAA A AC 

-20 -9 



-20 -9 
-TAATAAAAAAAC 



Sad Smal BamHl Xbal Kpnl 



tgcaggagctccccgggg 



1. - Pstlcut 

2. • T4 DNA polym. 



ga t cctct agaGGTACC . 

+635 



3.- BamHl 

ga t cctct agaGGTACC . 



-8 -1 + 1 

CTATAAAT ATG 



gG-1-gene ■ 



SYNTHETIC OLIGOMER ENGINEERED GENE 

(No extraneous nucleotides) 



-20 -9 -1 + 1 

.TAATAAAAAAACC TATAAAT ATG • polyhedrin gene 



-20 -9 -1 + 1 

.TAATAAAAAAACC TATAAAT ATG - gG 1 gene 



gG-2-coding 
region 



5' AGCTTGGT ACCT AT AAAT 



ATGCACGCCATCGCTC CCTG CA 



ACCATGG ATATTT A T AC GTGCGGT AGCG AGG G 



Ac373gG-1 



-20 -9 -1+1 

.TAATAAAAAAACClTATAAATIATG - gG-1-gene 



cgagatccgcgg atcaat tc 



T j A T 

E 



Fig. 1 . (A) Synthetic oligomers used in the construction of the baculovirus gene transfer vectors and the gG-1 - and gG-2-expressing recombi- 
nant baculoviruses. Oligoduplex AB was used in the construction of pPP-2, oligoduplex V78 for pAcDSM, oligoduplex SR34 for AcDSMgG-1 , 
and oligoduplex D34 for AcDSMgG-2. Relevant restriction endonuclease sites are indicated. (B) Schematic representation of the method of 
inserting a foreign gene into the transfer vector pAcDSM. (C) Comparison of nucleotide sequences in the 5' nontranslated region of the wild-type 
baculovirus (AcNPV) and the recombinant viruses Ac373'gG-1 and AcDSMgG-1. Extraneous nucleotides relative to the wild-type polyhedrin 
sequence are boxed. The a preceding the initiation codon in Ac373'gG-1 was incorporated into the construct based on a published sequence 
(Hooft Van Iddekinge et ai., 1 983) later found to be in error (Howard et ai., 1 986). 



J (pH1F-110, nucleotides 136,285 to 142,742) and 
HSV-2(G) BamHl L (pH2G-1 12, nucleotides 2356 to 
6894) fragments, which contain the intact gG-1 and 
gG-2 genes, respectively, were used as the starting 
point for engineering the genes for compatibility with 
the transfer vectors. 

gG-1 insertion into pPP-2. pH 1 F-1 10 was digested 
with Sphl to remove nucleotides 137,617 to 142,742 
of the HSV-1 fragment (removing two of the three Narl 
sites in the insert) and ligated to itself. The resulting 
plasmid (pHlF-1001) was digested with Narl and reli- 
gated to itself, deleting nucleotides 136,285 to 
136,749 and a small portion of the vector, resulting in 
pH1F-1002. This plasmid was digested with Nar\ and 
Hin6\\\, and the 873-bp fragment carrying the nearly 
complete gG-1 gene (nucleotides 136,749 to 137,622) 
was ligated to plasmid pPP-2, which had previously 
been digested with Nar\ and Hin6\\\. The resulting plas- 
mid (pH1 F-1 01 1) was digested with EcoR\ and HindWl. 
The fragment containing the modified gG-1 gene was 
purified from an agarose gel, made blunt-ended with 
T4 DNA polymerase, and ligated to pAc373, which had 
been digested with BamHl and made blunt-ended by 
treatment with T4 DNA polymerase. A plasmid con- 
taining the gG-1 gene inserted in the proper orientation 
was designated pAc373'gG-1 . 



gG-1 insertion into pAcDSM. The 871 -bp fragment 
between the Nar\ and the Sph\ sites of pH 1 F-1 002 (nu- 
cleotides 136,749 to 137,620), carrying the nearly 
complete gG-1 gene, was ligated to pUCl8 that had 
previously been digested with the same enzymes. The 
resulting plasmid, pSR1, was digested with Nde\ and 
BamHl, producing a 944-bp fragment that was ligated 
to pUC9 that had been previously digested with the 
same enzymes, resulting in pSR3. A synthetic oligodu- 
plex, SR34 (Fig. 1 A), was ligated between the Ssp\ and 
the Nar\ sites of pSR3. The resulting construct, plas- 
mid pSR5, was successively incubated with Kpnl, T4 
DNA polymerase, and BamHl and ligated with the vec- 
tor pAcDSM that had previously been successively 
reacted with Pstl, T4 DNA polymerase, and BamHl. 
The resulting plasmid was designated pAcDSMgG-1. 

gG-2 insertion in pAcDSM. pH2G-1 1 2 was digested 
with BamHl and Pvull to obtain a 3779-bp fragment 
(nucleotides 2356 to 6135) that was purified from aga- 
rose and ligated with pUC19 that had been digested 
with BamHl and Sspl. The resulting plasmid, pDSl , 
was digested with Pstl and HindlU and ligated with a 
synthetic oligodupex, D34 (Fig. 1 A), to generate pDS2. 
The 1 3 1 6-bp fragment (nucleotides 25 1 5 to 383 1 ) re- 
sulting from digesting pH2G-1 12 with Hindi was puri- 
fied from agarose and successively reacted with BstNl, 
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T4 DNA polymerase, and Sty\, The resulting 161 -bp 
fragment (nucleotides 2859 to 3020) was purified from 
agarose and then ligated to pDS2, which had 
previously been successively incubated with Pstl, T4 
DNA polymerase, and Sty\. The resulting plasmid, 
pDS6, was digested with Ssp\ and Xho\ and ligated to 
an agarose-purified 2148-bp fragment obtained by di- 
gesting pH2G-112 with Ssp\ and Xho\ (nucleotides 
2983 to 5131). The resulting piasmid, pDS7, was di- 
gested with HintiW and Xho\. The resulting 2311-bp 
fragment (carrying the complete gG-2 gene plus flank- 
ing plasmid-derived sequences) was ligated with pUC9 
that had been digested with Hin6\\\ and Sa/I. The re- 
sulting plasmid, pDS8, after successive reactions with 
Kpn\, T4 DNA polymerase, and BamH\, was ligated 
with pAcDSM that had been successively reacted with 
Pst\ t T4 DNA polymerase, and BamVW to obtain 
pAcDSMgG-2. 

Transfection and selection of recombinant 
baculoviruses 

Procedures for transfection, selection of recombi- 
nant baculoviruses, and virus titration were performed 
as described (Summers and Smith, 1987). Recombi- 
nant viruses were plaque purified at least five times. 
Proper insertion of the transferred genes into the bacu- 
lovirus genome was confirmed by blot hybridization 
analysis of the recombinant virus genomes (data not 
shown). 

Protein analysis by immunoblots 

Sf9 cells were grown either in Hink's medium supple- 
mented with 10% fetal calf serum according to the 
method of Summers and Smith (1 987) or in serum-free 
medium (Excell 400, J. R. Scientific, Woodland, CA) 
and infected with recombinant or wild-type baculovi- 
ruses at a multiplicity of infection of 10 PFU/cell in 25- 
cm 2 flasks at 27°. After 1.5 hr, the inoculum was re- 
moved and replaced with fresh medium. At the appro- 
priate times postinfection, the cells were scraped from 
the flask and harvested by centrifugation for 1 0 min at 
1 500 g at 4°. The pellet was resuspended in disruption 
buffer (5.7 M urea, 2.8% SDS, and 1.8 M 2-mercap- 
toethanol), sonicated for 30 sec (output control 4, duty 
cycle 50%) in a cup horn sonicator (Model W-375, Heat 
Systems-Ultrasonic, Inc., Farmingdale, NY), and 
heated for 3 min at 95°. Proteins were separated by 
electrophoresis in polyacrylamide gels (Laemmli, 
1 970) (acrylamide to bis-acrylamide ratio of 37.5: 1 ) and 
then electrically transferred onto nitrocellulose paper 
(BA85, Schleicher and Schuell) (Towbin et al., 1979) 
using 0. 1 % SDS in the transfer buffer. Blots were incu- 
bated for 1 hr in blotto (5% skim milk, 0.01 M phos- 



phate-buffered saline, pH 7.4, and 0.05% Tween 20) 
and then incubated for 1 hr in fresh blotto containing 
the appropriate dilution of either human serum or 
monoclonal antibody. After three 10-min washes in 
0.05% Tween 20 in phosphate-buffered saline, blots 
were incubated with alkaline phosphatase-conjugated 
goat anti-human or alkaline phosphatase-conjugated 
goat anti-mouse IgG (Bio-Rad Laboratories, Rockville 
Centre, NY) in 0.05% Tween 20 in phosphate-buffered 
saline for 2 hr, washed three times for 10 min with the 
same buffer, and developed with p-nitro blue tetrazo- 
lium chloride and 5-bromo-4-chloro-3-indolyl phos- 
phate p-toluidine salt (Bio-Rad) according to the ven- 
dor's protocol. 

RESULTS 

Vector construction 

Two gene transfer vectors were constructed, pPP-2, 
which incorporates nucleotides -7 to - 1 of the 5' non- 
translated leader sequence of the polyhedrin gene 
missing in the widely used transfer vector pAc373 
(Smith et al, 1985) but which results in recombinant 
baculoviruses containing 21 extraneous nucleotides in 
this region, and pAcDSM, which allows the construc- 
tion of recombinant baculoviruses with the 5' nontrans- 
lated leader sequence of the polyhedrin gene joined 
precisely to the coding region of the foreign gene at the 
translation initiation codon, with no missing or extrane- 
ous nucleotides. pPP-2 was constructed early in the 
course of these studies. It is awkward to use and offers 
few advantages relative to other currently available 
vectors. Its description is included here because it was 
used to construct the recombinant baculovirus 
Ac373'gG-1. 

Construction of recombinant baculoviruses 
expressing gG-1 and gG-2 

As described under Materials and Methods, recom- 
binant baculoviruses Ac373'gG-1 and AcDSMgG-1 ex- 
pressing gG-1 were constructed using pPP-2 in con- 
junction with pAc373 and pAcDSM, respectively. The 
nucleotide sequence in the vicinity of the translation 
initiation codon of these viruses is shown in Fig. 1C. A 
recombinant baculovirus expressing gG-2, AcDSMgG- 
2, was created using pAcDSM. 

Synthesis and processing of baculovirus-expressed 
gG-1 

Replica immunoblots of extracts from recombinant- 
infected, wild-type-infected, or uninfected Sf9 cells 
were reacted with either a human serum specimen 
that had been identified as HSV-1 -positive and 
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Fig. 2. Reaction of baculovirus-expressed gG-ls with antibodies. (A) Proteins extracted at 100 hr p.i. from equal numbers of Ac373'gG-K 
AcDSMgG-1-, and AcNPV-infected or uninfected Sf9 cells were separated by SDS-PAGE in 1 1% gels, transferred to nitrocellulose membranes, 
and then tested with the indicated antibodies. The positions of the molecular mass standards are shown on the side of each panel, (phosphory- 
lase B, 97.4 kDa; bovine serum albumin, 66.2 kDa; ovalbumin, 42.7 kDa; and carbonic anhydrase, 31 kDa). The apparent molecular mass of 
gG-1 -related species (arrows) is indicated. (B) Quantitative comparison of the amount of gG-1 expressed in Sf9 cells by the recombinants 
Ac373'gG-1 and AcDSMgG-1 . Cell extracts similar to those used in A were fourfold serially diluted in 0.01 M phosphate-buffered saline, pH 7.4, 
bound to a nitrocellulose membrane using a slot-blot apparatus, and reacted with gG-1 -specific monoclonal antibody (H1379). 



HSV-2-negative using an HSV type-specific indirect 
hemagglutination assay (IHA) (Bernstein and Stewart, 
1971) or a monoclonal antibody specific for gG-1 
(H 1 379) (Lee etaL, 1 986) (Fig. 2A). None of the antibod- 
ies reacted with proteins in the lanes containing pro- 
teins from AcNPV-infected or uninfected cells, except 
for a weak reaction between some human serum speci- 
mens and polyhedrin in AcNPV-infected cells. The pat- 
tern of reactivity with both antibodies was identical in 
the lanes containing the gG-1 recombinant-infected 
cell extracts (lanes Ac373 / gG-1 and AcDSMgG-1). The 
major reacting bands appeared at 37 and 42 kDa ap- 
parent molecular mass (37K and 42K) within a region of 
diffuse reactivity between 36 and 48 kDa apparent mo- 
lecular mass. 

Expression of the recombinant gG- 1s differed in two 
respects, (i) The intensity of the reaction with both anti- 
bodies was higher in extracts of cells infected with 
AcDSMgG-1 than with Ac373'gG-1 (Fig. 2A). (ii) In ex- 
tracts of Sf9 cells infected with AcDSMgG-1, 42K 
reacted more than 37K. In extracts of Sf9 cells infected 
with Ac373'gG-1 , the opposite was true, with 42K be- 
ing very faint. 

Slot-blot analysis was used to eliminate difficulties 
inherent in quantifying multiple diffuse bands in elec- 
tropherograms. The intensity of the reaction was about 
fourfold greater in extracts harvested from cells in- 



fected with AcDSMgG-1 than with Ac373'gG-1 at ei- 
ther 1 00 hr p.i. (Fig. 2B) or 72 hr p.i. (data not shown). 
Thus more gG-1 was expressed from the construct 
that mimicked the polyhedrin 5' nontranslated leader 
sequence (AcDSMgG-1) than from the construct that 
contained 21 extraneous nucleotides in this region 
(Ac373'gG-1). 

We monitored the levels of gG-1 production and the 
ratios of intensity between the two major gG- 1 bands in 
the two recombinants as a function of time after infec- 
tion (Fig. 3A). The major gG-1 bands (37K and 42K) 
were first detected at 36 hr p.i. At all time points, more 
gG-1 was detected in the lanes containing extracts 
from cells infected with AcDSMgG-1 (Fig. 3A, lanes b). 
The maximum expression with both recombinants oc- 
curred at about 72 hr p.i. As was previously seen at 
100 hr p.i., at all time points 42K was more abundant 
than 37K in AcDSMgG-1 -infected cells (lanes b), while 
in Ac373'gG-1 -infected cells (lanes a), 37K was more 
abundant than 42K. This indicates that the difference 
in processing of gG-1 may be due to differences be- 
tween the transfer vectors. Similar patterns and levels 
of synthesis were observed in two independently 
plaque-purified progeny of the transfection that pro- 
duced Ac373'gG-1 (data not shown). 

Treatment of AcDSMgG-1 -infected Sf9 cells with 
tunicamycin, an inhibitor of a precursor necessary for 
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Fig. 3. Synthesis and processing of baculovirus-expressed gG-1. (A) Time course of the synthesis of gG-1 in Ac373'gG-1 -infected and 
AcDSMgG- 1 -infected {lanes a and b, respectively) Sf 9 cells. Cells were harvested at the indicated times, treated as those in Fig. 2A, and reacted 
with a HSV-1 -positive human serum specimen. (B) Immunobiot of proteins extracted from Sf9 cells infected with AcDSMgG- 1 and grown in the 
presence (+)orthe absence (-) of 3 ^g/rr\\ tunicamycin from 24 hrp.i. until 54 hr p.i. Blots were reacted with gG-1 -specific monoclonal antibody 
(H1379). (C) Immunobiot analysis of proteins extracted from Sf9 cells infected with AcDSMgG- 1 and from HEp-2 cells infected with HSV-1 (F); 
about 100-fold more infected cells of the latter were used. Myosin (200 kDa) and 0-galactosidase (1 16.3 kDa) were used in addition to the 
molecular mass standards used in Fig. 2. The apparent molecular mass of bands discussed in the text (arrows) is indicated. 



N-linked glycosylation (Hemming, 1982), resulted in a 
great reduction in the intensity of all the bands over 37 
kDa apparent molecular mass, most prominently 42K, 
and an increase in the intensity of an otherwise very 
faint species of 36 kDa apparent molecular mass (36K) 
(Fig. 3B). The abundant 37K is of similar intensity in 
infected cells cultured either in the presence or in the 
absence of tunicamycin. In heavily loaded gels, spe- 
cies of 77 and 87 kDa apparent molecular mass (77K 
and 87K) were replaced by species of 74 and 83 kDa 
(74K and 83K) apparent molecular mass (data not 
shown). 

In a comparison of baculovirus- and HSV-1 -ex- 
pressed gG-1, major bands with apparent molecular 
masses of 42 and 43 kDa (42K and 43K) and a smear 
between 50 and 57 kDa apparent molecular mass 
were found in extracts of HEp-2 cells infected with 
HSV-1 (F) (Fig. 3C). In heavily loaded gels, the smear 
extended to 66 kDa apparent molecular mass (not 
shown). 

Synthesis and processing of baculovirus-expressed 
gG-2 

Replica immunoblots of extracts of Sf9 cells infected 
with AcDSMgG-2, wild-type baculovirus, or uninfected 
were reacted with either a HSV-2-positive and a HSV- 
1 -negative human serum specimen or with a gG-2-spe- 



cific monoclonal antibody (H1206) (Lee et al. t 1985) 
(Fig. 4A). in lanes containing extracts from AcDSMgG- 
2-infected cells, both antibodies reacted with bands 
with apparent molecular masses of 1 07, 118,1 28, and 
143 kDa (107K, 118K, 128K, and 143K). The human 
serum specimen reacted most strongly with 1 28K, and 
the monoclonal antibody with 1 1 8K. This difference in 
reactivity between the human serum and the monoclo- 
nal antibody is not a general phenomenon, inasmuch 
as other human serum specimens reacted most 
strongly with 1 18K (data not shown). In overloaded 
gels a weakly reactive protein with an apparent molecu- 
lar mass of 34 kDa (34K) was detected. 

We monitored expression of gG-2 in recombinant 
baculovirus-infected cells as a function of time after 
infection (Fig. 4B). Only one band (1 1 8K, open triangle) 
was detected at the earliest time point examined (24 hr 
p.i.). By 36 hr p.i. it had increased in intensity and two 
faint bands appeared (1 07K and 1 28K, solid triangles). 
From 48 hr p.i. onward, the four bands (107K, 1 18K, 
1 28K, and 1 43K) previously seen at 1 00 hr p.i. (Fig. 4A) 
were visible, with the maximum accumulation of pro- 
tein at 72 hr p.i. The weakly reactive 34K protein was 
first detected at 36 hr p.i. 

In the electrophoretic pattern of extracts of Sf9 cells 
infected with AcDSMgG-2 and treated with tunicamy- 
cin, bands migrating with apparent molecular masses 
of 105,11 0, and 1 20 kDa (1 05K, 1 1 0K, and 1 20K) were 



BACULOVIRUS EXPRESSION HSV gG-1 AND gG-2 235 




Human serum Monoclonal 
antibody 



Fig. 4. Synthesis and processing of baculovirus-expressed gG-2. (A) Proteins extracted at 1 00 hr p.i. were separated in a 9% SDS-PAGE gel, 
then transferred to nitrocellulose, and reacted with the indicated antibodies. (B) Time course of the synthesis of gG-2 in AcDSMgG-2-infected 
Sf9 cells. Proteins extracted from cells harvested at the times indicated were treated as those in A and then reacted with gG-2-specific 
monoclonal antibody (H1206). (C) Immunoblot of proteins extracted from Sf9 cells infected with AcDSMgG-2 and grown in the presence (+) or 
the absence (-) of 3 ^g/ml tunicamycin from 24 to 54 hr p.i. Blots were reacted with gG-2-specific monoclonal antibody (H 1 206). (D) Immunoblot 
analysis of proteins extracted from Sf9 cells infected with AcDSMgG-2 and from HEp-2 cells infected with HSV-2(G); about 1 .8-foid more 
infected cells of the latter were used. Molecular mass standards were the same as those for Fig. 3. The apparent molecular mass of bands 
discussed in the text (arrows or triangles) is indicated. 



present, whereas in untreated cells, the 107K, 1 18K r 
128K, and 143K species were seen (Fig. 4C). In over- 
loaded gels, a band migrating with an apparent molecu- 
lar mass of 30 kDa was present in the extract of in- 
fected cells treated with tunicamycin, in contrast with 
the 34K species seen in untreated cells (data not 
shown). 

In comparisons of baculovirus- and HSV-2-ex- 
pressed gG-2, in the lane containing extracts from 
HEp-2 cells infected with HSV-2(G) (Fig. 4D), a smear of 
reactivity was seen ranging from an apparent molecu- 
lar mass of 78 through 1 18 kDa with distinctive spe- 
cies at 78, 107, and 118 kDa apparent molecular 
mass. In overloaded gels, a faint band with apparent 
molecular mass of 36 kDa was detected (data not 
shown). 

HSV type specificity of the reaction of human serum 
specimens with the baculovirus-expressed proteins 

Proteins in extracts of Sf9 cells expressing the re- 
combinant gG-1 or gG-2 were tested for reactivity with 
10 different human serum specimens previously char- 
acterized by using an HSV type-specific I HA (Bernstein 
and Stewart, 1971). As a representative example, pat- 
terns obtained with 3 of these 10 specimens are 
shown in Fig. 5. Using the gG-1 37K and 42K species 
and the gG-2 1 18K species, plus either or both of the 



128K and 143K species, as markers of HSV-1 and 
HSV-2 type-specific reaction, respectively, a serum 
specimen positive for HSV-1 and negative for HSV-2 by 
IHA, and a serum specimen positive for HSV-2 and 
negative for HSV-1 by IHA, each reacted in a type-spe- 
cific manner in the immunoblot assay (Figs. 5A and 5B, 
respectively). A serum specimen weakly positive for 
both types of antibodies by IHA reacted with the 
gG- 1 -specific 37K and 42K species (empty triangles) in 
the lane of the recombinant gG-1 , and reacted weakly 
but clearly with the gG-2 1 1 8K and 1 28K species (full 
triangles) in the lane containing recombinant gG-2 (Fig. 
5C). We have seen various patterns of weak reactivity 
between human serum specimens and extracts of 
wild-type baculovirus-infected Sf9 cells as well as unin- 
fected cells. The faint bands seen at 36 kDa apparent 
molecular mass in the gG-2 lanes of Fig. 5, as well as 
the bands seen at 1 70 kDa apparent molecular mass in 
Fig. 5C, are examples of these reactions. In no case 
was the reactivity of an extent or nature to lead to ambi- 
guity in interpretation. Results obtained with the other 
seven serum specimens were in agreement with the 
IHA results (data not shown). 

DISCUSSION 

We constructed a transfer vector, pAcDSM, that fa- 
cilitates the construction of recombinant baculovir- 
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Fig. 5. Immunoblot analysis of the HSV type specificity of the reac- 
tion of human serum specimens with AcDSMgG-1- and AcDSMgG- 
2-infected Sf9 cell extracts. Proteins were separated by SDS-PAGE 
in a 11% gel, transferred to nitrocellulose, and then reacted with 
serum specimens known to be HSV- 1 -positive and HSV-2-negative 
(A), HSV- 1 -negative and HSV-2-positive (B), and having a low positive 
titer to both HSV-1 and HSV-2 (C). Bands considered to be diagnos- 
tic for HSV-1 -specific reactivity are indicated with open triangles, and 
those for HSV-2 with solid triangles. Molecular mass standards were 
the same as those for Fig. 3. 



uses containing no missing or extraneous nucleotides 
in the region 5' to the translation initiation codon. No 
other vector reported to date allows such constructs. 
Although we did not compare the performance of this 
vector with that of recently described vectors (Mat- 
suura era/., 1987; Luckow and Summers, 1989) which 
more closely, albeit imperfectly, mimic the gene ex- 
pression control environment of the native polyhedrin 
gene than earlier transfer vectors (Smith et ai, 1 985), 
we did observe fourfold greater expression of gG-1 
from pAcDSM than from a construct that contains 21 
extraneous nucleotides in the 5' nontranslated leader 
sequence. The nature of pAcDSM will allow careful 
dissection of the environment in the vicinity of the 
translation initiation codon through the construction of 
viruses with precise sequence modifications in this re- 
gion. 

Unexpectedly, in addition to the difference in the 
level of expression between the two gG-1 -expressing 
recombinants, we observed a difference in the ratio of 
nonglycosylated precursor (37K, see below) to glyco- 



sylated product (42K), with gG-1 expressed from 
AcDSMgG-1 being the most efficiently processed. In- 
asmuch as the gG-1 coding sequence was not altered 
during the construction of the recombinants, these re- 
sults indicate an effect of mRNA structure on protein 
processing efficiency. Further studies will be required 
to test this hypothesis. 

Biosynthesis of gG-1 

A scenario for the biosynthesis of gG-1 in baculo- 
virus-infected Sf9 cells that accounts for our results is 
as follows: The 37K species is insensitive to tunicamy- 
cin and is likely to be the primary nonglycosylated 
translation product with its signal peptide uncleaved, 
indicating that it was not translocated to the lumen of 
the rough endoplasmic reticulum. The 36K species is 
most abundant during growth in the presence of "turii- 
camycin and would be the nonglycosylated translation 
product without its signal peptide. The broad band pro- 
duced by 42K, which is sensitive to tunicamycin, would 
be the translation product after having its signal pep- 
tide removed and being N-linked glycosylated. Species 
77K, 87K, and 200K are likely to be products of further 
processing. In heavily loaded gels, 77K and 87K were 
replaced by 74K and 83K species upon treatment with 
tunicamycin (data not shown), indicating that the gener- 
ation of the low mobility gG-1 -reactive molecules is not 
dependent on N-linked glycosylation. The low mobility 
gG-reactive polypeptides are not likely to represent gG 
oligomers, because cell lysates were boiled in the pres- 
ence of a detergent, a reducing agent, and urea prior to 
electrophoresis. The low abundance of the 33K spe- 
cies is likely to be the result of proteolytic degradation. 

The biosynthesis of gG-1 in baculovirus-infected in- 
sect cells differs in several respects from its synthesis 
in mammalian cells infected with HSV-1- or gG-1 -ex- 
pressing vaccinia virus recombinants. In a direct com- 
parison of baculovirus- and HSV- 1 -expressed gG-1 , we 
observed products with apparent molecular masses of 
42 and 43 kDa in HSV-1 -infected cells which comi- 
grated with 42K. It is possible that the 42- and 43-kDa 
species found in HSV-1 -infected cells correspond to 
the 44- to 48-kDa species reported by others (Acker- 
mann et ai, 1 986) using the same strain of virus (strain 
F) and the same monoclonal antibody (H1379). How- 
ever, the relationship between these products and the 
closely migrating products found in the baculovirus-in- 
fected cells is not clear. The baculovirus-expressed 
protein is tunicamycin sensitive and thus glycosylated, 
as is a product of similar size found in cells infected 
with a vaccinia virus/gG-1 recombinant (Sullivan and 
Smith, 1987), while the HSV-1 product is poorly labeled 
with glucosamine (Ackermann et ai., 1 986). In addition, 
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a similarly sized product is synthesized in the presence 
of tunicamycin in HSV-1 strain HFEM-infected cells 
(Richman etal., 1986). 

Biosynthesis of gG-2 

A scenario for the biosynthesis of gG-2 in baculo- 
virus-infected Sf9 cells is as follows: 107K is the pri- 
mary translation product including the signal peptide. 
This is based on two observations, (i) It is synthesized 
in the absence of tunicamycin. (ii) Since no species 
migrating faster than 105K were detected in cells in- 
fected in the presence of tunicamycin, 1 07K is inferred 
to not be N-linked glycosylated, is therefore likely to be 
unaffected by tunicamycin treatment, and is probably 
obscured by the other species in the gel. The 105K 
species is the primary translation product after cleav- 
age of its signal peptide based on its increase in abun- 
dance in the presence of tunicamycin. The tunicamy- 
cin-sensitive 118K is the cleaved primary translation 
product after N-linked glycosylation. Species 1 28K and 
1 43K, and 1 1 0K and 1 20K, synthesized in the absence 
or presence, respectively, of tunicamycin are possibly 
the products of O-linked glycosylation. The tunicamy- 
cin-sensitive 34K is likely to be the result of a proteo- 
lytic degradation. 

As with gG-1 , there were significant differences be- 
tween the biosynthesis of gG-2 in baculovirus-infected 
insect cells and that in HSV-2-infected mammalian 
cells. In both baculovirus- and HSV-2-infected cells a 
tunicamycin-sensitive product of 1 18-kDa apparent 
molecular mass is synthesized. In baculovirus-infected 
cells, it appears that this product is processed further 
into higher molecular mass forms, but in HSV-2-in- 
fected cells this product is cleaved to generate species 
of 31 kDa (31K) (Su et ai, 1987) and 74 kDa (74K) 
(Balachandran and Hutt-Fletcher, 1985) apparent 
molecular mass. The 74K species is subsequently 
O-linked glycosylated yielding a species of 105 kDa 
apparent molecular mass (Balachandran and Hutt- 
Fletcher, 1985). The 31 K species is further glyco- 
sylated to a species of 34-kDa apparent molecular 
mass, which is efficiently secreted from infected cells, 
and it is not detected by the same monoclonal antibody 
that detects the higher mobility products (Su et ai, 
1987). This 34-kDa apparent molecular mass HSV-2- 
infected cell species differs from the similarly sized 
product we observed in recombinant baculovirus-in- 
fected cells, in that the baculovirus product reacts with 
the same monoclonal antibody as do the lower mobility 
products. 

HSV type specificity of baculovirus expressed gG 

The several differences in the synthesis and process- 
ing of gG-1 and gG-2 in insect cells, relative to that 



observed here and by others during infections of mam- 
malian cells with HSV, reflect differences in protein pro- 
cessing mechanisms between insect and mammalian 
cells. Despite these differences, the recombinant pro- 
teins were recognized in a HSV type-specific manner 
by the 10 human serum specimens tested here. To 
further test the use of the baculovirus expressed pro- 
teins as substrates for serologic tests we are currently 
testing a set of over 80 serum specimens that had 
previously been characterized using gG immunodot 
assays (Lee etaL, 1985, 1986; Nahmias et ai, 1986). 
Preliminary results confirm the type specificity of bacu- 
lovirus-expressed gG-1 and gG-2 (SSnchez-Martfnezef 
ai, unpublished data). 
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sitive immunodot assay with sera from patients with documented primary HSV-2 were 

infections (unpublished observations). seru; 

More recently, a glycoprotein designated as gG, 128,000 dalton in apparent mo- ; " were 
lecular weight, was purified from HSV-2-infected cells (Marsden et al.. 1978; ! and ; 
Marsden et al., 1984; Roizman et al., 1984). We found this glycoprotein to be ser- 
ologically type-specific and reported its use as antigen in an immunodot assay for Sera 
detecting HSV-2-specific antibodies (Lee et al., 1985). Using restriction endonu- H> 
clease analysis of intertypic recombinants anrj marker-transfer experiments, the prep; 
corresponding HSV-1 glycoprotein has been tentatively identified (Ackermann et previ. 
al., 1986). This protein, provisionally designated as gG-l, is specified by a gene ocula 
mapped in the S component of the HSV-1 DNA collincar with the gG-2 gene in testin 
HSV-2. It was therefore of interest to study the antigenic reactivity of this new Hu 
glycoprotein as a potential HSV-1 type-specific antigen for sero-epidemiological ally p 
studies. _ typed 

and/o 
eira e 

Materials and Methods - a poo 

2 cell* 

Isolation of glycoprotein gG-I ' these 

A mouse monoclonal antibody HI 379-2 was used to prepare immunoaffinity antib< 

columns following procedures described by Arvin et aL (1983). HEp-2 cells in- in the 

fected with HSV-1 (F) were harvested at 48 h post-infection and solubilized. in a hist* 

phosphate-buffe~red saline (PBS, pH 7.2) containing 0.5%. Nonidet P-40, 10" 5 M detect 

/V-tosyi-L-lysine phenylalanine ketone and_10~ 5 M W-tosyl-L-lysine chloromethyl deterr 

ketone. The extract wa$ clarified, adsorbed to the immunoaffinity column, and as nev: 

eluted with 3 M potassium thiocyanate, as previously described (Arvin et al., 1983). mioloi 

The eluate was concentrated 20 times by dialysis against Aquacide (Calbiochem, ner. u 

San Diego, CA). It was then dialyzed against PBS for 24 h at 4°C and stored in of the 

glass ampoules at -70°C until used. 2 infee 

with H 

Immunoblot analysis donors 

The procedure for immunoblot analysis of HSV glycoproteins has been de- 
scribed elsewhere (Braun et al., 1983). Briefly, the purified glycoprotein was den- 
atured in 2-mercaptoethanol and spdium dodecyl sulfate, electrophoretically sep- Results 
arated in denaturing polyacrylamide gels and electrically transferred to 
nitrocellulose membranes. Strips of the membrane were reacted with monoclonal Charcu 
antibodies specific to various HSV glycoproteins, followed by horseradish perox- To d 
idase-coupled rabbit anti-mouse serum and the substrate, 4 chloro-l-naphthol. the ek: 

rated i- 

Immunodot enzymatic assay and coi 

The purified gG-l was used as antigen in an immunodot assay on small disks of tivity u 

nitrocellulose membrane in 96-welI polyvinyl chloride plates. One microliter of di- mcnts. 

luted antigen was immobilized on each disk. Details of the assay procedure have migrate 

been reported elsewhere (Lee et al., 1985). Each serum was tested in duplicate at antibod 

1:50 dilution. To ensure standardization of the assay, the following serum controls sorbed 
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were included in each assay: HSV-1 serum pool diluted 1:800 and 1:3200; HSV-2 
serum pool diluted 1:50 and 1:200. and a negative serum pool diluted 1:50. Results 
were accepted only when both dilutions of the HSV-1 serum pool were positive 
and all the other controls were negative. 

'^Hyperimmune rabbit sera to HSV-1 (Shealey or VR3) and HSV-2 (MS) were 
prepared as detailed elsewhere (Lee et al., 1985). Convalescent sera obtained 
previously (Nahmias et al.. 1969) from rabbits will) keratitis induced by ocular in- 
oculation of HSV-1 (VR3 or Shealey) and HSV-2 (MS) were also included for 

testing. ". .. r j i. 

Human sera were collected from individuals with clinically manifest and cultur- 
ally proven HSV-1 and/or HSV-2 infections. Viral isolates from these patients were 
typed by restriction endonuclease analysis of viral DNA (Buchman et al.. 1980) 
and/or direct immunofluorescence using type-specific monoclonal antibodies (Per- 
eira et al 1982) A screening enzyme-linked immunosorbent assay (ELISA) w.th 
a pool of Triton X-100-extracted antigens from HSV-1- and HSV-2-infected HEp- 
■> cells (Coleman et al.. 1983) detected and quantitated total HSV antibodies in 
these sera Primary HSV infections were defined as those in which no pre-existing 
antibody was detected in the acute sera, with HSV antibodies later demonstrated 
in the convalescent phase. Recurrent cases are those in which the individual had 
a history of clinically recurrent oral or genital lesions and HSV ant.bod.es were 
detected at the time of the recurrence. In addition. 100 HSV seronegative sera (as. 
determined by the screening ELISA) collected from healthy donors were included 
as negative controls. Two hundred and five sera' collected from on going ep.de- 
miological studies in a health maintenance organization were used, in a blind man- 
ner to test the reproducibility of the gG-1 immunodot assay. For standardization 
of the gG-1 serologicaTassay, 10 convalescent sera from patients with primary HSV- 
2 infection were pooled and used as HSV-2 control serum. 20 sera from patients 
with HSV-1 infections were pooled as HSV-1 control, and 20 sera from healthy 
donors negative in the screening ELISA. were pooled as negative control. 



Results 

Characterization of glycoprotein gG-1 

To determine whether the novel type-1 glycoprotein was ant.gen.cally d.st.nct. 
the eluate from the H1379 immunoaffinity column was electrophoretically sepa- 
rated in denaturing polyacrylamide gels, electrically transferred to nitrocellulose 
and compared with affinity purified HSV-1 glycoproteins gB. pgC and gD by reac- 
tivity with monoclonal antibodies to each glycoprotein. In this series of experi- 
ments illustrated in Fig. 1. protein bands eluted from the H1379 affinity column 
migrated with apparent molecular weights of 44,000 to 68.000. The monoclonal 
antibody failed to react with an eluate -from extracts of mock-infected cells ad- 
sorbed to the HI 379 column. It is notable that the electrophorctic properties of 
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Fie 1 Immunoblot analysis of immune reactivity of glycoproteins purified from extracts of HSV-l- 
infected cells. Monoclonal antibodies used for immune reactions with affinity column cluates are shown 
at bottom of each lane. Punned glycoproteins are designated a. top of each lane. Infected cell extracts 
adsorbed to the column are shown in the left lane. Column flow-through .s shown ,n the nght lane. 

gG-l differ from those of glycoproteins gB-1, pgC-1 and gD-1. The difference in 
antigenicity is further illustrated in Fig. 2. When the purified gG-1 was used as an- 
tigen in immunodot assays with mouse monoclonals specific for the various ^SV- 
induced glycoproteins, only H1379, specific for gG-1, reacted. 2.j 

r j j Human 

Standardization of immunodot enzymatic assay with purified gU-i q( ]Q cp 

Serial two-fold dilution of gG-1 was tested against 1:50 dilution of 10 convales- from ho 
cent sera collected from individuals with primary HSV-l infections. The optimum 
antigen (gG-1) dilution, as judged by the intensity of the color reaction, was found 

to be 1:64. Reactivity significantly diminished when the antigen was used either at nv.ty v 

low dilutions (=sl:16) or high dilutions f> 1:240). 1 ^ 

v mnni7i 

Specificity and sensitivity of purified gG-l in immunodot assay 

Specificity was first evaluated using rabbit immune sera. All sera collected from 
7 rabbits infected by the ocular route with HSV-l (Shealey) and 3 rabbits hyper- 
immunized with HSV-l (VR3) reacted strongly with gG-1. In contrast, no reac- 
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Discussion 

TABLE 2 

Sensitivity of immunodot gG-1 antibodyassay 
Patients with HSV-l isolated 



Recurrent cases 

Primary cases 
(days after onset) 
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HSV-2 viruses (Coleman et al.. 1983). 
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1 (Fig. 2). It is probably identical with the new glycoprotein of HSV-1 of approx- 
imately 59,000 MW, also mapping in the short DNA segment, recently reported 
by Richman et al. (1986). The apparent wide range of molecular weights of pro- 
teins reactive with the monoclonal antibody H1379, as demonstrated in the West- 
ern blot analysis (Fig. I), presumably represents components of gG-1 at various 
stages of maturation. Unlike glycoprotein C of herpes simplex type 1 which cross- * L 
reacts with sera from rabbits hyperimmunized to HSV-2, we have found the gG- 
1 to be type -specific with both human and hyperimmune rabbit sera. A high de- 
gree of sensitivity, specificity and reproducibility has been demonstrated using gG- 

1 in an immunodot enzymatic assay. Only a small amount of the purified antigen 
(2 u.1 of the appropriate dilution) is required in the immunodot assay, as compared 
to 50 times that amount in an ELISA (Coleman et aU 1983). Together with the 
g G-2 immunodot assay reported earlier (Lee et al, 1985), this gG-1 assay provides 
a simple and reliable means to detect HSV-1 and HSV-2 type-specific antibodies 
independently. We have also observed a large number of human sera, with, titer 
> 1-12800 which reacted with only^G-l or gG-2 but not both antigens. This ob- 
servation further establishes the specificity of the assays even- in the presence of 
high-titer heterotypic antibodies. 

Since HSV-1 is usually associated with infections of the upper body, while HSV- 

2 is more often "found to infect genital sites (Nahmias et al., 1981), assays that can 
distinguish antibodies against these viruses are of particular epidemiological im- 
portance. Identification of patients with antibodies to either one or both HSV types 
should be^of significant help in sero-epidemiotogical studies to define the preva- 
lence and Incidence of HSV-1 and HSV-2 infections in different populations (e.g., 
Keyserling et al., 19g5; Gibson ctal., W85; Lossick et al.;J985.), as well as pos- 
sible relations of genital herpes to'cervical cancer (Nahmias etal., 1985). 
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A recently described herpes simplex virus (HSV) type 2 (HSV-2)-spccific glycoprotein fgG-2) was purified on 
an immunoamnity column prepared with monoclonal antibody. This purified antigen was used in an 
immunodot enzymatic assay on nitrocellulose paper for the detection of HSV-2 antibodies in human serum. The 
test was very sensitive in that MSV-2 antibodies were detected in the convalescent sera of 132 or 134 patients 
with recurrent genital infections in which HSV-2 had been isolated earlier. Antibodies to gG-2 were detected 
in 17% of sera obtained within 10 days after the onset ofa primary HSV infection and in 95% of sera obtained 
more than 10 days after onset. The specificity of the immunodot assay was demonstrated by testing sera from 
245 HS V-scronegative adults, 344 children, 29 nuns, and 13 patients with primary genital HSV-1 infections. 
None of these 631 sera was reactive with the gC-2 antigen. When compared with a microneutralization test, the 
immunodot assay was found to be more specific in detecting HSV-2 antibodies. Reproducibility of the gG-2 
assay, obtained by retesting 391 sera, was 95%. Thus, this assay has the sensitivity, specificity, and 
reproducibility necessary for the measurement of HSV-2 antibodies, in seroepidemiological studies. 



Since the demonstration of two antigenic types of herpes 
simplex virus (HSV), type 1 (HSV-1 j" and HSV-2 (7, 14). 
numerous methods have been devised lo differentiate these 
two closely related viruses. The recent ability to determine 
restriction endonuclease digestion patterns of herpesvirus 
DNA (2) and to use monoclonal antibody in various immu- 
nological assays (11. 12) has enabled the typing of virus 
isolates with consistent accuracy. However, the delineation 
of HSV-1 and HSV-2 type-specific antibodies in humans, of 
particular import for definitive seroepidemiological investi- 
gation, has remained difficult because of the extensive anti- 
genic cross-reactivity between the two virus types (15). 

The development of monoclonal antibodies for the two 
HSV types has made it possible to isolate specific HSV 
proteins (1, 3) which could be applied to more specific 
antibody assays. It was of particular interest to explore the 
usefulness for type-specific antibody testing of a recently 
described HSV-2-specific glycoprotein. gG-2 (13). This gly- 
coprotein is specified by a gene mapping in the S component 
of the genomic DNA of HSV-2 (4. 13). In this report, we 
describe the evaluation of an HSV-2 type-specific enzyme- 
linked immunodot serological assay based on alTinity- 
pu rifted gG-2 as antigen. 

MATERIALS AND METHODS 

Sera, (i!) Animals. Hyperimmune rabbit sera to HSV-1 
(Shealey and VR3 strain) and HSV-2 (MS strain) were 
prepared by four biweekly intravenous injections of about 10 7 
PFU of virus into male New Zealand albino rabbits. The sera 
were collected 2 weeks after the final injection. Convalescent 
sera obtained previously (S) from 13 rabbits with keratitis 
induced by ocular inoculation of HSV-1 (VR3 or Shealey 
strain) and HSV-2 (MS strain) were also included for testing. 

(ii) Humans. Sera were obtained from individuals with 
clinically manifest and culturally proven HSV-1 or HSV-2 
infections. Viral isolates from these patients were typed by 
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restriction endonuclease analysis of viral DNA (2) or by 
direct immunofluorescence with type-specific monoclonal 
antibodies (11) or by both. A screening enzyme-linked 
immunosorbent assay (ELISA) with a pool of Triton X-100- 
extracted antigens from HSV-1- and HSV-2-infected HEp-2 
cells (3) detected and quantified total HSV antibodies in 
these sera. Primary HSV infections were defined as those in 
which no preexisting antibody was detected in the acute 
« sera, with HSV antibodies later demonstrated in the conva- 
lescent phase. Recurrent cases were defined as those in 
which the individual had a history of clinically recurrent 
genital lesions and in which HSV antibodies were detected at 
the time of the recurrence. 

A collection of 344 sera from children betweon 1 and 10 
years of age was tested. The ages were chosen because 
transplacental antibodies would have been lost by 1 year of 
age, and an HSV-2 infection between 1 and 10 years would 
either have been a result of a neonatal infection or an 
unusual postnatally acquired HSV-2 infection. The 29 sera 
from nuns, which had been tested earlier with a 
microneutralization assay (9). were included because HSV-2 
infections would be unlikely in this population. In addition, 
for purposes of evaluating the reproducibility of the assay. 
391 sera collected from ongoing epidemiological studies in a 
health maintenance organization were used. 

For standardization of the gG-2 serological assay. 10 
convalescent sera from patients with primary HSV-2 infec- 
tions were pooled and used as HSV-2-positive controls. 20 
high-titercd seraTrom patients with HSV-1 infections were 
pooled and used as HSV-l-positive controls, and 20 sera 
from healthy donors, negative in the screening ELISA (3), 
were pooled and used as negative controls. 

Antigen preparation. Two mouse monoclonal antibodies. 
H966 and H1206, were used to prepare immunoaffinity 
columns for the isolation of gG-2 from HEp-2 cells infected 
with the G strain of HSV-2. The properties of the H966 
antibody and the detailed procedure for the immunoaffinity 
purification of HSV proteins have been described elsewhere 
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T-VRIE 1 Sensitivity o( immunodol gG-2 aniibody assay 


Paiicnis with HSV-2 
isolated 


No. of 
cases 


No, w»ih gO-i 
nniibodies 


Recurrent cases 


134 


132 (99) 


Primary cases 






(d;tys alier onset) 

11-20 
>20 


12 
15 
5 


2 (17) 
14 (93) 
5 (100) 



J. Clin. Microdiol. 

1 400 md i l 600: HSV-l-posiiive serum pool diluted 1:50 
and 1 ; 00 and a negative scrum pool diluted 1:M). 1o ensure 
standardization or the assay, results were accepted only 
when both dilutions of the HSV-2 serum ■ pool' -ere posuive 
and all the other controls were negative. No more than >% of 
fhe ?"s s were repeated because of a readmg discrepancy, 
ind <1% were repeated because or unacceptable controls. 

ELISA for total HSV antibodies. The details of the screen- 
ing EL1SA have been published elsewhere (3). 

Microneutraltalion test. The technique of fte^ro- 
neutralization assay for detecting lype-spec.nc HSY ant- 
bodies has been described previously (8. 9). 



(1 13) It was later found that immunoaffinity columns 
prepared with monoclonal H 1 206 antibody, also spec.f.c : for 
gC :. gave a higher yield of antigen. The ant.gens prepared 
with these two monoclonal an.ibod.es were idcnttcaL and 
both were identified as glycoprotein G by Western blot 

""immunodot enzyme assay. An immunodot enzyme assay 
with purified gG-2 was used for conservation or ant.gens 
Thus instead of the 200 ul needed for duplicate testing m a 
standard ELISA (e.g.. reference 3) 2 u. of the d, lu ed 
antigen could be used in the immunodot assay. Small disks 
of nitrocellulose membrane (Schle.cher & Schuell Inc. 
Keene N H.) were prepared and deposited d.recily into 
96-weli polyvinyl chloride plates (Dynatech Laboratories 
inc. Alexandria. Va.) with a 96-ho.e punch. The detailed 
design and operation of this punch will be described sepa- 
rately (H. Keyserling. manuscript in preparation) The nitro- 
cellulose d.sks in the plates were washed ° n « «ah *su led 
water and left to dry completely at ambient temperature 
(a.t). The cG-2 antigen preparation was diluted in Tns- 
buffered saline (TBS; P H 7.2). Optimal dilutions of antigens 
were determined in block titrations with a known HSW 
positive serum pool and were 1:16 for the H966 lot and 1 W 
for the H1206 lot. Onto the center ol each disk. l_ul o j e* 
diluted antigen was delivered with a rn.crosynnge fitted w th 
a repeating dispenser (The Hamilton Co.. Reno Nev.). After 
drying at a... overnight, the disks in the 96-well plates were 
washed once with TBS (10 min) and incubated at a.t. for ,0 
min on a rotating platform (TekPro; American Hospital 
Supply Corp.. Evanston. III.) with 100 ul of TBS supple- 
mented with 5% bovine serum albumin (BSA) (Sigma Chem- 
ical Co.. St. Louis. Mo.). The buffer was then removed, and 
100 ul of test sera, diluted 1:50 in TBS-BSA. was added to 
duplicate wells. The plates were placed" on the rotating 
pUform and left to incubate overnight at a.t. The wells were 
washed with TBS (three times Tor 10 mm w.th rotation) and 
reblocked with 100 ul of TBS-BSA for 30 mm Goal ami- 
human immunoglobulin G peroxidase conjugate (Miles Lab- 
oratories. Inc.. Elkhart. Ind.) was diluted in TBS-BSA 
(1:1.0(16). and 100 ul was added to each well. Inc .bat on 
ook-placc at a.t. for 1 h on the rotating platform. Alter the 
plates were washed as before. 100 ul ol substrate solution (6 
mu of 4-chloro-l-naphthol dissolved in 2 ml of methano 
mixed with 10 ml of TBS and 5 ul of 30% H : 0 : ) was added 
to each well The reaction was stopped alter 15 mm Dy 
removing the substrate solution and washing the plate twice 
with distilled water. The nitrocellulose disks were read after 
drvinc overnight at a.t. in the dark. A positive reaction was 
indicated by the presence of a bluish-purple dot in the center 
of the disk Each assay was read by two individuals: results 
in the duplicate wells needed to be agreed to by both readers 
or the test was repeated. The following serum controls were 
included in each assay: HSV-2-positive serum pool diluted 



RESULTS 

Reactivity of gGZ with rabbit sera. Sera from nine rabbits 
hypeSn Kd with HSV-1 (Shealey or VR3 strain) and 
SSscen, sera from 13 rabbits with HSV-1 keratitis .were 
tested with antigens prepared from the monoclonal H .06 
column. None reacted with gG-2 -n the assay. In contrast, all 
s°x sera from rabbits immunized or intected ocularly w.th 
HSV-' (MS strain) yielded positive reactions. Sera from 
nonimmunized rabbits or from those hyperimmun.zed with 
HEp-2 cells and fetal calf serum were also negative in the 

^Reactivity of g G-2 with human sera. Sensitivity and spec- 
ificity studies with human sera from 13 primary HSV-1 
nfections and 14 primary HSV-2 inlect.ons demonstrated 
results identical to those obtained with gG-2 prepared from 
the H966 and the H1206 columns. The data with human sera 
obtained by using gG-2 prepared from the H966 column are 

T'sSvitv. The sensitivity. of the assay lor HSV-2 
antibodies was evaluated by using sera of 134 patients with 
"current gen.ta. herpes in which HSV-2 had been , .so ated 
(Table 1). Antibody to gG-2 was demonstrated m 99% of sera 
collected from 134 recurrent cases. When sera obtained trom 
5° patents with primary HSV-2 infections were tested 
"ntibody to cG-2 was detected in only 17% of sera obtamed 
within 10 days of onset : 95% of sera obtained thereafter were 

^(t?p2Sfv!The specificity of the assay was evaluated 
bv testinc sera'from individuals. 0) several special categories 
(Table 2). Direct evidence of specificity was obtained by 
demonstrating no reactivity to gG-2 w.th all 13 of the 
convalescent sera from patients with primary gen.ta HSV-i 
infections. Moreover, none of the 245 sera idenufie as 
seronecativc to HSV by the screen.ng ELISA (3) reacted 
with cG-t Of the 344 sera from children 1 to 10 years ot age, 
167 reacted with the screening ELISA (3) and two reacted m 
the gG-2 immunodot enzyme assay. On analysis of the 
clinical records of these two children, u was found that one 
serum sample had been included by mistake in that it nad 
been ob ained from a 4-month-old infant who had received 



TABLE V. Specificity o f immunodot gG-: antibody assay _ 

" " No. positive' 

Croup iesied loial lesied 

— . . uc .. , " 0/13 

Primary genual HSV-1 . 

Seronegative (screening test) 

Children "orv 

Nuns - — ■ — ' 

" * 4-momh-old child had also received gamma globulin earlier, and a <>■ 

year-old girl had vulvar lesions compatible with genual nerpci. 
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gamma globulin a few days earlier. The other serum sample 
was from a 9-year-old girl who had been hospitalized 2 
weeks earlier with vulvar lesions compatible with genital 
herpes. Of interest is that all 29 sera from nuns were negative 
by the gG-2 assay, 19 having reacted in the screening 
ELISA. 

As an indirect measure of the specificity of the gG-2 
antibody assay, we compared the results of this test with 
those obtained earlier with a microneutralization assay in 54 
sera (9). The results agreed with those observed in all sera 
previously reported as seronegative or as possessing only 
HSV-1 antibodies (Table 3). However, 8 of 23 sera previ- 
ously noted to be positive for type 2 antibody by the 
microneutralization test were found to be negative by the 
gG-2 immunodot assay. 

(iii) Reproducibility. We selected 291 sera, collected at a 
health maintenance organization, which twerc positive for 
gG-2 antibody. On repeal of the test, 273 (94%) were again 
found to be positive. When 100 sera collected consecutively 
at the health maintenance organization were repeated as 
coded samples, 97 were found to show results (positive or 
negative) similar to those found in the first testing. 

DISCUSSION 

Since HSV-2 is the type most usually associated with 
genital or neonatal infections (6), a serological assay that can 
detect HSV-2 antibodies would be of particular epidemio- 
logical assistance. However, because of the existence of 
many common antigens in HSV-1 and HSV-2 (15), speci- 
ficity of the assay has been a major problem. Cross- 
absorption of patient sera with HSV-1 antigens (e.g.. refer- ' 
ence 10) has limitations because sera with high-liter antibod- 
ies to HSV-1 occur frequently and complete absorption of 
cross-reacting antibody is often very difficult- Moreover, the 
procedure of cross-absorption may deplete homologous an- 
tibody liters. Neutralization potency measurements (8) -or 
determinations of HSV-l/HSV-2 ratios in microneutraliza- 
tion or other immunological assays (10, 16) are most accu- 
rate in sera that have antibody to either HSV-1 or HSV-2. In 
patients with both HSV-1 and HSV-2 infections, interpreta- 
tion of the antibody typc(s) can become difficult- For in- 
stance, 8 of 23 sera positive for HSV-2 by the 
microneutralization assay were later found to be negative by 
the gG-2 assay (Table 3). In view of the high sensitivity of the 
gG-2 assay (99%; Table 1), it is likely that the HSV-2 
antibodies detected in the microneutralization test represent 
false-positive results. 

With the availability of mouse monoclonal antibodies, it 
has become possible to purify HSV-2 proteins that fail to 
express type-common antigenic determinants detectable in 
serological assays. T he us e o f gG - 2. p u ri ft e d from e x t ractsjof 
_ JiSYi 2 - i n fe c t ed c e 1 1 s . ena6letI~usTo develop an assay of high 
sensitivity, specificity, and reproducibility. Moreover, the 
immunodot assay is suitable for screening large numbers of 
sera because it requires a small amount of purified glycopro- 
tein. Purified gG-2 retains antigenicity at -70 6 C for over 1 
year when stored in glass but not plastic ampoules. We have 
also noticed that BSA from different sources could influence 
the results of the gG-2 assay (some batches of BSA caused 
significant reductions in the sensitivity of the assay). We 
overcame this problem by testing different batches of BSA 
from several sources and arranged to have a large stock of 
the optimal batch from its supplier. 

Any serologic assay for HSV-2-specific antibodies re- 
quires thorough evaluation, because of the epidemiological 
implications, e.g., the relation of genital herpes with cervical 



TABLE 3. Comparison of immunodot gG antibody assay with 
microneutralization test 



Antibody found by 
microneutntlizaiion 


No. of results by gC 
assay 


2 antibody 


ICS! 


Positive 




Nccativc 


None 






14 


HSV-1 






17- 


HSV-2 


15 




& ' 
,,j — 



cancer (5. 17). At the individual level, f-lse-positive results 
might lead to great problems, e.g., improper medical man- 
agement for pregnant women or undue psychological trauma 
in patients and their consorts. The gG-2 serological assay for 
detecting HSV-2 antibodies has therefore been subjected to 
assiduous controls for sensitivity, specificity, and reproduc- 
ibility. The results obtained indicate its usefulness for more 
definitive measurement of HSV-2 antibodies than has here- 
tofore been available in seroepidemiological studies. 
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Baculovirus Expression Vectors: the Requirements for High Level 
Expression of Proteins, Including Glycoproteins 
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SUMMARY 

The requirements for high level expression of three foreign proteins using the 
polyhcdnn rene promolor of Aunwuphu vutiformva nuclear polyidrosis virus 
AcNPV Raculoviridac) have been investigated. In SpoJoptcra Jru^rda cells 
inlccicd with the appropriate recombinant baculoviruscs. the synthesis ol the two S 
RNA coded ircncs ol' lymphocytic choriomeningitis virus (LCMV; i.e. the nucleopro- 
lein ' N and dvcoprotcin precursor. GPC). or the haemagglut.mn gene ol influenza A 
virus, appear; to be related to the degree of mlcgnly of the 5' upstream sequence oi l he 
nolvhcdrin uene No elVecl on the level of N protein expression was delected when all 
Kc'^hcdrm gene coding sequences or some of the immediate 3 ^nslrcam 
sequences were deleted. Using the most cllicicnt expression viruses derived from a new 
transfer vector. pAcYMI. it has been estimated that LCMV N protein represented 
approximately SO";, of the total cellular protein, an observation consistent with the 
presence of numerous inclusion bodies in the cytoplasm ol inlccicd ecl , Ku 
recombinant viruses derived from the pAcYMI transfer vector containing the LCMV 
GPC gene, the level of svnthesis of the arenavirus glycoprotein was equivalent to 
approximately 20"-,, of the cellular protein. Thin sections of cells inlccicd with the Gf C 
recombinant revealed a h'ighly vacuolated cytoplasm. 



INT R ODUCTION 

The V half of the S RNA specif of the WF. strain of ly.nphocylic choriomeningitis virus 
(1 CMV- Arenaviridac) codes for the v.ral nuclcoprotcin (N) in .is v.ral-complcjncniary 
elencc The V half of he S RNA codes for g.ycoprotc.n precursor <CPC> protc.n ... Ihe viral- 
• e ,,uenee(Romanowsk. & Bishop. I9K5: Romanowski «/ I9K5). I he sequence* ol U 
1m el do no overlap and in infected mammalian cells there are discrete subgcno.n.c m< N A 
I - s that are ,nv l; ,vcd inthc synthesis of the t,o v,ra, shown « lor 

AcNPV and used, depending on the LCMV S DNA orientation, to make man 
h ulovruses thaul.rccted the synthesis of the respect, vc ^^^^^^ 
cells der.ved from S^wra (Malsuura «■/ aL «>8( •> 1 xprcss.o. t c 

v magBlutinin (HA, protein of influenza A virus (A/PR/8/34 strain) ' -» ^'T" ,/ <>8 6 
pre ous lv been described using recombinant baculoviruscs (Possce. I W6: Kuroda .1 ol i mi 
P ThTbaculovirus expression system was chosen in view of the reports ol high evejs o lo t" 
Bene expression obtained with the viral polyhed. ,n promote, !,n».h J .. J 

protein expressed by AcNPV (unpublished data). S.m.lar results ,,;.vc occn obta.ncd w.th 



iKJOO-762: £. m7 



\2.U 



V. MATSUIRA ANU <>T II 1: RS 



v. \p\ 

P \. HI'* 

:> AvKI'i 
IvW UP" 
;« \, Kl'" 
;• \ t Kl' • 

\. Kl"; 

v.RP.'u 
. ;< \. im':: 

\. Kl''. 
p \» 1 ' ; 

\v K PIN 
p-WMI 



" w L>Al»AI . 



:g&ai*.a:. 



-to -Z0 -It) 

.i,*-v*t-.*;i i .' i G' AA f *>AAAAAACC IAf AAAI 



'''i -t>0 oC 

* ■ at,; ; cot 
: aa.:*. .« < c i c&t aam i aaa 
.*. : aaua;:tc&C*aaiaaau,*g: 

Ai AACCAi C TCGCAAAI AAA I AAGI A I • r I I i 

A : AAf.CA ! C • CGCAAA I AAA I AAi". I A I r I ; 4f. U\ f I i ; t.u I AM. 

« ■ \AlCA iCICGCAAM AAAt AA&I AT II i«C'u' 1 • * IG r AAi", AG 1 ' • l G I AA I 

«;A„cCATc:!C&CAAArAAAiAA&un( .'Ai'iiii : : AACfct:: i igiaaiaa 
- u< ; h r c rca aaa r aaa t aag i a i i i ; mC ; g i r n cc : aac ag t ; t ; g i aa i aaajW 

,;U^::a;C ICCC AAA! AAAT. \Af JA : ( I !AClf.t f KGI AAi'Af," ! f GIAA iAAAAAAV f. 
h : AACiA IC ICGCAAAT xAA? AAGf A i I I I AC \i,tl \ ICGl A^C.Af.r : I ( ,;UA : *AAAAA~r f 

a r .w;c«*< c • CGCAAA taaA'Aagi a ' 1 1 1 -* l i c r t : rcr,:AACAon ; iG< aa taaaaaaacc i'auaai 

- : AACCA i i ICGCAAAI AAA t AAG U f 1 1 I Af :G f I T ICG I AAC AG: : i TGI AA I A/UAAAACC I A f AAA I 



* 1 *lu */u *.u "»;) -uo 

wm*v u.-iu i AiacoG'WiAncAuccGiLCC^cct^&fAAr.jACcfAi: GAGGAicancct 

h p i) t o t •< i' : I G * i r l j p t' l 

pAiKl'S U.'HI I CClil".'*." .L i I >K.K I 

u crc x^rcn r tcci 

pAiUi'" uimii ! o*uu*i Cc * r *cc f 

pAckl' 4 u-.tiii i CiTu(3Trr:iiLCr 
pA^Ki'i u.»m i CCui'^'tC'c nice 

pA fc -Kl':i U-.hii i CC&WKCIKu:! 

pA. Hr;!! u.hh i CCCTJnVi ii icci 

pA^Kt*:; twom i CCCtAirCnrccT 

pA.ur*. (L.-ni . r.KZXTZCutca 

ivw.wi u.Hii i cCyWac.cr^T c'Lnrcc.' 

pA.-nms u-.hii i CCG&ATCTntccr 

pAcVMl u'ihii I •» CGWCcX cnAn 

lig. I T rainier vectors cmnp.ira! U> AcNPV. The 5*-proximaI leader sequences of various transfer 
vectors uscil to produce recombinant baculoviruses are given by comparison with the AcNPV sequence 
llioofl van Iddckingc c7 <//.. 19N3. Howard et al.. \ X )XU). The IhnnWi tinker sequences arc underlined. 
The numbering >\ stein is based on the AcNPV polyhedrin ATCi initial ion codon representing residues 
+■ t . 2. i wuh upstream nucleotides having negative number assignments, i he annuo acids coded 
by the AcNPV polyiicdnn ge:ie are indicated under their respective codons. 



pAc37.1 vector of Smith ct al. ( 1 9iS3). A variety of reasons may account Tor these observations, 
e.g. a requirement lor the deleted upstream sequences, or lor the deleted polyhedi in uene coding 
sequences, or tis product, or reduced transcription with large inserts of foreign DNA, or foreign 
gene product inhibition, etc. In order to determine the reason for the reduced levels of synthesis 
of foreign genes, an investigation of the requirements for optimal expression has been initiated. 
On the basis of results obtained for influenza virus HA and the LCMV N and GPC proteins 
using a variety of new AcNPV vectors, the level of foreign gene expression appears to be related 
to the integrity of the 5' non-coding region of the polyhetlrin gene rather than to the polyhedrin 
coding or immediate 3' downstream sequences. 

METHODS 

\ 'irust \ ami ceils. AcNPV and recombinant virus Mocks were grown and assayed in confluent monolayers ol V 
trugtpcrtlu cells in medium containing III",, I 'octal bovine serum according to the procedures described by lirowu A> 
l aulkner (1977). On occasion virus slocks were obtained using spinner cultures ol \' S. jrugipvnhi cells The W| 
strain ol LCMV was grown in till K -21 cells and titrated in Vero cells iRomanowski & Bishop. 19.XJ). 

/).V\-| muttifnttatums ami t cttsirut turn nf DNA tltmcs I'lasniid DNA manipulations were earned out essentially as 
summarized by .Maniatis vi at. i I Restriction enzymes. T4 DNA ligase and the Klenow large (ragmen! ol 
DNA polymerase were purchased from Hloiahs (He vet ly. Mass.. U.S.A.). ( all intestinal alkaline phosphatase was 
obtained Iroin Uochringcr Mannheim. 

insertion aj l.CM\' S ar influenza H A ttral OS A infit transfer veetars with partial 5' upstream sequenees a/ul a 
modified polyhedrin ^cne. A transfer vector plasmid containing a 7-3 kb AcNPV /;o»KI I fragment in pUCK was 
itviially modified in a manner analogous to thai described by Smith et al. (!*)X3) by removal of I he pUC'X HanM\ 
site (modified pUC'X; Possee. l l )X0) lollowed by replacement with a HttmiW linker t»f the polyhedrin gene A T(i 
codon plus a number of nucleotides preceding and approximately 170 nucleotides following the A TO codon (see 
I'ossce. I^X(t). As demonstrated by Howard et al. { 19X6) the polyhedrin gene - I nucleotide (I 'ig. 2) dillcrs from 
ihal described by Smith et al. I I9S3). The transfer vecu>rs (pAcRPl lo 22. I ig. I. 2) have a single HamiU 
restriction site lor insertion of new genes and contain some two-thirds of the coding region of l he polyhedrin gene 
as well ,ts ati of the 3" downstream sequences. In order to obtain derivatives of these transfer vectors containing 
foreign DNA inserts, plasmid DNA w;i> digested to completion with liom\\\. dcphusphorylatcd and ligated to 
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I : I he AcNPV irjiisK-r valor deletion* .ta* shown relative lo the AcNPV polvhednn gene, its 
traiiicription initiation site Uipen triangle; Howard *■/.•#/.. i9K6). polyadenylal.on and transenplion 
termination muhjIs (open irianclesl. and tlankine sequences. The deletion si'tes ol the various vectors 
used :n the aii.iiyscs arc indKated In Idled triangles (see Pig. I ) Particular restriction en/ynie sites used 
K>r pla>;n;d conslructionx arc also indicated. 



DNA recovered Irom appropriate piasmids containing viral inserts as described previuusly (Possee. 19X6; 
Matsuura ,7 ul.. I l /.S6). Alter transformation and screening with the appropriate nick-translated ONa! 
recomb.nani plasimds were t.bta.ned thai were subsequcntl) characterized by restriction en/vnie and sequence 
anal\ses (Ma\am & Gilbert. l l )MD 

Cmistruaum ul a transfer ,y< /„r. P AcRP6l. /aekiH V the varhoxy-pruMmal pohhn/nn coJi» K M'tpu-ncvs ami ij 
JonnMrcam { J ) nutteutulcs Piasniul DNA representing the transfer vector P AcRP6 (Matsuura ,/<//.. 19X6; 
Possee. I9S(.. 1 e lackrig the poiyhednn ATG <\K\ot\, seven preceding nucleotitles and some 170 nucleotides 
lollowing the Aid eodon. see I ig f. 2» v.. .s digested lo completion with K' f m\ then partially with the CAonuclca.se 
Ii;il3l. repaired with the Klenow fragment of DNA polymerase, dcphosphorylalcd and hgaled t.. a HamXU linker. 
Altfr digestion »ith HurnXW. the lesulimg DNA was circularized *>'id used to transform hstlwnchtu mli. Among 
UK lranslo.;nant> a plasmid. dcMgnalcd pAcRPOI. was identified that lacked the carboxy-prox.mal coding 
sequences *>: the pohhedrin gene (see I ig 2) as well as i 3 downstream nucleotides. A schematic icpresentation of 
the derivation of pAcRPOI is provided in Pig 3 

C onstnn tmn „f transfer reetur /.,!, )M / „ 7 //i ,;// //„- upstream setpienee A t,( the palyheilrut eene au hulme the A »j the 
imttatuiv A Id e<.thm ha: laektn K the reu nf :he polyhe<trm cmIihr setptenees and I J a'tnenstream nue/emuies. The 
modified pUCS-nascd plasmid containing the /;VwRI I fragment of AcNPV (sec above) was digested to 
completion *;th Uam\\\. the largest DNA fragment was recovered, digested partially with Ual.M . repaired with 
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Fig .V Schematic diagram of the construction of ihc transfer vector pAcRPol as described in Methods. 
Fig. 4 Schematic diagram of the construction of the transfer vector pAcYM I as described in Methods. 



the Klenow fragment ol ON A polymerase, dephosphoryla led and liga ted to a UuniWl linker. After digestion with 
OamW], the DNA was circularised and used to transform E. coli. Among the transformants a plasniid was 
obtained that sequence analyses indicated po.sscsscd the A of the initiating ATG codon and all of the upstream 
sequences adjacent to the polyhcdnn gene Bn recovering the small Xho\ to Ham\\ \ restriction fragment from this 
pla.sni id and ligaling it to the large ISamHX to Xhol fragment recovered from pAcRPoi. followed by transformation 
(etc.) a transfer vector designated pAcYMl was produced, containing all the upstream sequences of the 
polyliednn gene and the A of the initialing ATG codon bul lacking the rest of the polyhednn coding sequences and 
I 3 3 downstream nucleotides as indicated in Fig. 1 .2. The derivation of the pAcYM 1 vector is shown in schematic 
form in Fig. 4 

Insertion of individual LCMl' S -anted genes ( A or Gl'C) info transfer rectors. Plasm id pAcR P6YN2 ( Matsuura et 
nl.. 19X6) was digested lo completion with ///will I. the smallest LCMV DNA fragment recovered and digested 
partially with HaeU to isolate the GPC gene. After SI digestion, the DNA was repaired with the Klenow fragment 
of DNA polymerase, a UamHi linker added and ihc DNA treated with liamYW to produce a DNA fragment 
containing the entire GPC gene (LCMV' nucleotides 1797 to 3360; Romanowski et ol., 1985). The DNA was 
inserted into transfer vectors (set: text). To recover- the N gene, plasniid Y-l-B (Matsuura et «/.. 1986) was digested 
to completion with 7>ir/l. the DNA fragment containing ihc N coding sequence was recovered, repaired with the 
Klenow fragment of DNA polymerase, ligated to a HomHl linker, digested with UomH\ and DNA representing 
the N gene (residues 3 to 1 773; Romanowski <fc Bishop. 1985) was inserted into transfer vectors. A schema lie 
representation of ihc derivation of the LCMV N and GPC genes is given in Fig. 5. 

Tronsfeetion and selection of recombinant druses. S. fru^iperdo cells were transfcclcd wilh mixtures of purified 
AcNPV DNA and recombinant transfer plasm id DNA by a modification of the procedures described by Smith et 
ol (DS3). AcNPV DNA (I jig), purified by the method of Smith & Summers (I97X). w;is mixed with various 
concentrations of plasmtd DNA (25 lo lOOug) and adjusted to 950 pi with H F PFS'-buOered saline (2()mM- 
HI-Pl.S. I niM-Na : HP0 4 . 5 mM-KCl. 140 inM-NaCI. 10 mM-glucosc. pi I 7.05) Alter precipitation with 50 pi of 
2> m ( aCI : . DNA was inoculated onto monolayers of I * 10" S frugiperdo ceils in 35 mm tissue culture dishes 
and incubated for I h at room temperature. The supernatant lluids were discarded and 1-5 ml of medium 
containing 10",, foetal bovine serum was added After 4 days of incubation at 2X V. ihc supernatant lluids were 
harvested and titrated in coniluent monolayers of J>\ jrugiperda cells. Plaques exhibiting no evidence of occlusion 
bodies (viral polyhcdra. as determined by transmission light microscopy) were recovered and titrated on S. 
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Insertion into bum\\\ site of vector 

Fie 5 Schematic diagram of the dcnvaiion of ihc .nd.vdual LCM V S-codcd N and GI'C (C) genes as 
described i Methods The LCMV nucleotides arc numbered according lo the sequence data <* 

(1986). 
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Irugincrtlu cells to obtain recombinant. P oly!,cdrin,,cga„vc viruses. Following a third plaque picking, high 
titrated (10' lo 10' p.f.u.ml) slocks ol the recombinant viruses were obtained us.ng sp.nncr cultures of i. 

'^raa^lui .hurvacn:.,,,..,, ../ „ra, and ^llular „«</.,. aculs. Viral DNA and infected cell mRNA were 
igSZLs** previously (Maisuura Jo,.. .«.>. For Southern analyses, viral DNA P^'ons^rc 
ducsicd to completion with HanM I and .he products resolved by electrophoresis ,n 0-«% agarose gel (Bc.hcsda 
Research Laboratories, then b.o.tcd to Ocnescrcc, (New Fngland Nuclear) After ry.ng. the m^brancs « c 
baked a. SOX and hvbndi.cd to n,ck-.ran>!a.cu LCMV W E DNA obtained Irom clone Y-l- A (Southern. 1975 
Maisuura ,, ,,/ 1986,. The membranes were ihen washed and aulorad.ographed. Cellular mRNA preparations 
" re . cd with .0 mM.me,hy.mcrcur,c hydroxide (oai.cy « Davidson. .976,. resolved by ^'^^ 
gels of ScaKcm agarose containing mc.hy.mcrcurv and transferred by blotting '° Gc ""^ p A ^ ^ 
tviwine ,r a,.. 1977,. the membranes were dned. baked a. SO X for 2 h. then incubated w.ih -P-labcllcd. n.ck 
translation products of the appropriate v.ra. DNA as descr.be.. by Denhard. (I960,. The membranes were then 

washed and auloradiographcd. . .. , .. „,„i,;,a;,.;i„ ,,r 

Prou;,, a,ul u—rrrap.nu.on ,„..,/.,., y ,ru K , P ,r.,., cells were mlccted with virus a. a mult pl.c. ly of 
,0 p f u /cell in 15 mm tissue culture d.shes and labelled with IWluCi of rSRystonc (New England Nuclear 

0.9 Ci^mol, for . h a. the indicated t.mcs us.ng cystcne-free medium. Prior to .abc U.ng. (he cells were 
incubated for 1 h in cys.eine-frec mcdu.m lo reduce the intracellular pools of the precursor. In 
!»S].nclhioninc (Amersham. 1 131 Cmmol) was employed us.ng similar protocols. After the label .ng periods 

h i cd a were r moved, the monolayers r.nsed three l.mes w„h cold ohosphate-bulTered salute and . c c^U lyscd 
Cher bv boiling for 5 m,n .n o.ssoa.i.ion nullcr .; SOS. 1 0" u glycerol. 5" Mnercantoe ^ , f 
HO. 0 0. "„ hromopheno, n.ue. p. I 6-S,. or for .nmu.„op.cc.pilat,on analyses bv cyrac : the ecl s | f)TA 0 I : 
RIPA buffer (T Triton X-100. I ». sodu.m dcoxychola.c. 0 15 M-NaCl. 0 05 M- Tr.s- HCI. 0-01 M I.OTA. 0 I ,. 
SI5S nil 1 U, Ahuuols of 100 „1 of .he R I I'A extracts were .ncuba.cd w,t!, 5 to 10 ( d ol me appropriate antiserum 
Jom" h ,7 C " addition or 25 „• a >uMU,.s,on of .0(1 mg .Vote,,, A Sepharose CL-4U beads ( ,gma in 

RIPA nu.icr fuilowmg a further : I, mcubaucm ... 4 C. .he heads were recovered by ecntnluga.,...,. washed three 
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V. M.MSl lKA AND OTHURS 
Tabic I llaenu^tutnun aetmtv oi recombinant haculonruses denied from tnmsfer rectors >ath 
different lengths of the AeXPV polvhedrm lender 
Vector V leader deletion* HA .icIimM 

pAcRIMN 
pAcRPo 

p acrp:2 

pAcRP20 
pAcRP2l 
pAcRIM 
pAoRPS 
P AcRP7 
p Ac RIM 
pAcRPS 

* Nucleotides removed .Von, the 5 u P s;rcam loader sequence of the AcNPV po.vhcdnn gone. A TO « at + I . 
i |Ua^!Sxp^m IIT .nlccted S. •«!<> colls at 30 h post-mlccuon (.Wo. I*86>. 

.h « « R1PA bulTer and Uk immune complexes thai had bound to the beads were removed by boiling for 
pro.e.ns prepare! ,he t cls were s.a.ncJ wi.h Kenac. U.ue 

X ";;:,:;;:.,,, „„ ,,,>, C* .nfcc.«l w„h reco.b.nan, bacu.oviru.es were assayed for HA acOv.w as 

described previously (Possee, 19S6). 

,. RESULTS 

The role of the 5' polyhedrin leader sequence in haema^lutmm expression. 
comparison with Hose missing 7. II or .-4 np oi un. kjuci. m> 

* ass ffiK 

poM-.nKa.on CSm.th ../.. I »5> ; A' tout > u» dc , ivcd ' r ,„m P AcRI>5. lhc amo«nl ot 
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r : ig b Genetic organization of the recombinant v. ruses used tocxprcss LCMV N protein. 1 he LC M V 
nucleotide poMiwns (Romanowski et «/.. 1985) arc given above the boxed rcg»ons. the AcNPV 
nucleot.de numbers relative to the polyhcdrin gene (Fig. I) are given below those boxes. Coding 
arrangements! the LCMV N and GPC genes arc indicated by thick arrows. ;hc sequences coding the 
AcNPV poMicdrin ecne arc indicated by P in the boxes. Transcription initiation and termination 
positions are shown bv thin arrows V non-coding distances arc given for two of the constructions. The 
hatched region of ihc S373Y N 1 recombinant represents the additional sequences present m the vector 
(sec text and Fig. I ) 



irugiperda cells 

\:cne wore low 

iPosscc. 1986). 
i of the 5' end of 

viiaic upstream 
:v N and GPC 

; ( from viruses 
:t sequences (in 
.\: high levels of 

:inc nucleotides 
.iy of the leader 
,:e with variable 
each of these 
,>ion from the 
• iPossec, 1986; 
. v>l the 5' leader 
was detected 

r sequence by 

t I A expression 
previously for 

; <) to 40 h post- 
. 42 h (data not 

;:uied until 72 h 
wRPZO-dcrivcd 
* lie amount of 
was slill not 



comparable to that of the polyhcdrin protein made by AcNPV (data not shown). Whether the 
highest levels ot HA observed with the difTcrcnl recombinant viruses rellcctcd the optimal 
expression ol" the system for this protein, or the particular characteristics of the assay lor cell- 
associated HA has not been determined. 

Preparation of recombinant hacutoviruses containing the LCMV N and GPC genes 
Previous studies described the construction of recombinant baculoviruscs containing the 
ambisense LCM VSDNA orientated solhal it would express cither the viral N or G PC proteins 
(Matsuura ct a! 1986). Three transfer vectors were employed to produce the recombinant 
baculoviruscs. namely pAcRPI. pAcRPS and P AcRP6 (see Fig. 1, 2). Although more LCMV 
protein was synthesized in cells infected with recombinant viruses derived from the pAcRPG 
vector than from those made from the pAcRPS vector, little if any N or GPC protein, was 
delected for recombinants derived from pAcRPI. In addition, protein analyses indicated that 
the level of expression of the LCMV N and GPC proteins synthesized by pAcRPS- and 
pAcRP6-derived recombinants was not as high as the level of polyhcdrin protein synthesized by 
AcNPV. A variety of reasons could account for this observation, reasons relating lo the 
character of I he 'polvhedrin promoter, the particular constructions represented in the 
recombinant viruses, or certain intrinsic characteristics of the inserted genes or their products. 

A study was instigated to determine the reason lor the lower levels of LCM V gene expression. 
Initial'v 'the question of whether the lower expression was specific to pAcRP-dcrivcd 
recombinants was investigated. As mentioned above, comparison with published dala indicated 
tint the pAcRPO vector used to produce the N and G PC recombinants lacked the same 5' 
upstream nucleotides as the pAc373 vector originally described by Smith <7 al. (19X3). The 
LCMV S DNA was therefore inserted into the pAc373 vector kindly provided by Dr Max 
Summers {Tcx;:s A & M University. College Station, Tex.. U S A.) and a recombinant virus 
produced S W W N 1 . with the LCMV N gene in the 5' orientation (Fig. (>). However, when the 5 
insertion sequence of the P Ac373-derivcd recombinant transfer vector was analysed it was 
found that .1 contained some non-viral sequences that presumably came Irom contaminants in 
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i-ig. 7. Traces of the stained proteins resolved by gel electrophoresis of extracts of .V. frugipenia cells 
infected with recombinant viruses expressing LCMV N protein (arrow) or AcNPV. The AcNPV 
polyhcdrin protein is indicated iP). Alter polyacrylamuie gel electrophoresis of infected cell extracts, 
the cells were stained with Ken.teid Blue (Oveiu.n a! 1W7) and scanned al 410 nm using a 
densitometer. 



the linker originally employed lo m;iko pAc373 (sec additional underlined sequence in Fig. I and 
the hatched area in Fig. (>). The recombinant Virus S.V73YN1 and the previously described 
RP5YN 12 and RP6YN2 viruses were used ai similar multiplicities to infect S.frugiperdaccUs. 
Extracts of the infected cell proteins were resolved by gel electrophoresis and the gel was 
scanned optically to determine the relative amounts of LCMV N protein present. By 
comparison with the polyhcdrin protein made m AcN PV -in fee led cells there was substantially 
less N protein made bv the recombinant S373YNI. although the latter made more N protein 
than RP6YN2, which'in turn made more than RP5YN12 (Fig. 7). The difference in level of 
expression between pAcRPG- and pAc373-derived recombinants was reproduced with 
recombinants independently dcnved.from the two vectors and in other analyses of the proteins 
synthesized by the recombinants. However, although it was clear that the pAc373-dcrivcd virus 
did not make N protein al levels comparable with thai of the AcN PV polyhcdrin gene, it was not 
possible lo determine from these data whether the difference in the levels of expression between 
S373YNI and RP6YN2 was due to the different origins of the vectors (and thence the 
recombinant viruses), or to the presence of the extra sequences in the 5' upstream region of the 
pAc373 transfer vector (Fig. I). 

LCMV S DNA has an ambisense arrangement with the N gene coded in one halfol the DNA 
and GPC on the other strand of the other half of the DNA. In addition it has a unique intergenic 
region (Romanowsfci et ai.. I9M5) In view of these properties the possibility that this coding 
arrangement might inhibit efficient expression w.is examined. Recombinants were constructed 
with only the LCMV N gene as described in the Methods section and illustrated in Fig. 6 lor the 
recombinant RP6YN3. When (his virus was used to synthesize LCMV N protein in S. 
fru^iperda cells it made no more N protein than the RP6YN2 recombinant (Fig. 7). It appeared 
therefore that the presence of the LCMV intergenic and GPC sequences in the latter 
recombinant were not inhibitory. 

The rule of the residual X palyhedrin cudini; sequences in gene expression 
In case the residual polyhcdrin coding sequences in the recombinant viruses were deleterious 
lo the expression of a foreign gene, the LCMV N gene was next inserted into the pAcRP6l 
transfer vector, a vector ihaUacked all (he coding sequences of the polyhcdrin gene as well as I 3 
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}' nucleotides (Methods : Fig. 3). The recombinant virus RP6I YN 14 was derived (Fig. 6). When 
this virus was used to infect S. jrugiperdu cells it also made LCMV N protein in amounts 
equivalent to those made by recombinants RP6YN2 and RP6YN3 (Fig. 7). 

Southern analyses til the viral DNA of the various recombinants described above confirmed 
the genotypes of the above w ruses with respect to the LCMV sequences (Fig. $a). Northern 
analyses of the S373YNI. RP5YNI2 and RP6YN2 virus-induced mRNA species indicated 
that, as described previously for RP5YN12. the LCMV -specific mRNA made m infected cells 
exhibited a broad si/.e range, whereas mRNA species recovered from RP6YN3- arid 
RP6I YN 1 4- infected cells (i.e. those lacking the LCMV CPC coding sequences) were more 
homogeneous (Fig. S7>). In view ol .the fact that the size ranges of the mRNA species from all five 
recombinants overlapped, the data suggested that there was premature termination of mRNA 
synthesis lor the S373YM . RP5YN12and RP6YN2 recombinants, perhaps due to the LCMV 
intergenie or other sequences. 

In summary, these studies indicated that removal of the polyhcdrin coding sequences and 
unnecessary LCMV DNA sequences did not change the level of expression of LCM V N protein. 
Although-viruses derived from the pAc373 vector expressed higher levels of LCMV N protein 
than viruses obtained from pAcRP6, the amount made was still not equivalent to the expression 
of the AcNPV polyhcdrin protein. 

High level expression of LCMV A' protein In reeonihinunts possessing the complete upstream 

sequence of the polyhedrin gene 

It had been observed that the amount of N protein made by the pAcRPI-, pAcRPS- and 
pAcRP6-derived transfer vectors increased with the increasing representation of the immediate 
5' upstream sequences of the polyhcdrin gene (Matsuura etui., 1986). This observation raised the 
possibility that the reason for the low level of expression of LCMV N protein by the 
recombinant viruses was that some of the 5' upstream sequences were absent from the pAcRPI 
pAcRPS- and pAcRPO- based recombinants. Another transfer vector was therefore made. 
pAcYMl. that contained all of the polyhcdrin upstream sequences, plus the A of the initiating 
ATG, but lacking all of the other polyhcdrin coding sequences and 13 of the 3' downstream 
nucleotides (Methods: Fig. I. 2. 4). The LCMV N gene was inserted into this vector and the 
recombinant virus YM1YN1 was recovered. By comparison to the previously described 
recombinants RP6YN3and RP6I YN 14 (see Fig. 2, 6) the amount of labelled LCMV N protein 
made by the YM1 YNI recombinant was considerably greater and at least equivalent to the 
amount of polyhcdrin protein made by AcN PV-infce'.ed cells (Fig. 9). 

Since the YM 1 YN I recombinant lacked the entire coding region of ll\c polyhcdrin gene, other 
than the A of the initiating ATG, the question of the elfecl of the presence of the carboxy- 
terminal two-thirds of the coding region of the polyhcdrin gene and the 13 3' downstream 
nucleotides (Fig. 2. residues 2358 to 2937) on the expression of LCMV N protein was 
investigated. A recombinant transfer vector was constructed from Mst\[ Xhol restriction 
fragments recovered from the vectors pAcYMIYNl and pAcRP6YN3 so that the derived 
plasmid. pAc YM I YN I -3*. now contained two-thirds of the coding region of the polyhcdrin gene 
and all the downstream sequences, as exemplified in schematic form in Fig. 10. When the 
resulting recombinant virus. YM 1 YN I -3. was used to express the LCMV N protein, again high 
levels of N protein were made (Fig. 9) as determined from both fluorograms and stained patterns 
of 'he infected cell proteins. This result confirmed the previous conclusion that the presence of 
the residual polyhcdrin coding sequences in recombinant viruses was not deleterious to foreign 
gene expression. 

Identification of an upstream deletion in the p/\cf<P6 transfer vector 

To determine whether there were differences between the pAcYMl. pAcRPO and pAc373 
transfer vectors other than the immediate .V upstream sequences of the polyhcdrin coding region. 
/////II analyses of the plasmids were undertaken. As shown in Fig. I 1. the small lUtmWX Xho\ 
restriction fragment derived from all three plasmids exhibited a difference in the If inil profile 
for pAcRP6. Apart from the indicated change (and differences that could be accounted for by 
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, hc orienla.-on of ihc inserted sequences in P UC8). no other difference was detected in the //».!! 
n m ci.her the hree or small flrimH I -A7.«l fragments. Sequence analyses on the strand- 

,1 ikew.se ir.-mcniN „ (pAcYM I ). «■ ( P Ac373) and one set ol slrand-separalcd products 
,n (PACK >0)' ; also .dent.ca. (data no, given). However band c of P AcRP6 was Unmd to 
a„a second rcs.ricl.on fragment that by sequence analyses o. us strand- scpara cd 1 P a,duc 
ound to be s.m,la, ,o * and ./ but shorter due to an internal deletion ol some 60 bp. Rcsu < 
imihr to those o. pAcRIV. were obtained for P AcRP6l. Sequence analyses (unpublished data 
T ,/cd he det o.! lo some 2000 nucleotides upstream of the polyhcdr.n coding rcg.on o| ; 
I N > V O . b of the .lanking sequence. has been determined .hat the deletion is ,n an 
n „ re .dinu lr .me .l.hough is not known whether it is transcribed and translated, or 

"ssa al hen virus uenomes conta.n.ng .he deletion would not be v.ablc. Allcrna .vcly I I 
e * was no. .essential then recombinant genomes may be v.ablc but ex h.b. t an ^ ahead 
; eno.ypc II the change included reduced expression of a downstream gene then th.s could be 
a reason U.r the difference in expression between P AcRP6- and P Ac373-denved recombinant 

Tn'ordcr to determ.ne whether the deleted sequences of P AcRP6l play a role in the 
lower «~ "of its der.ved recombinants, the Ms.U-LcoRV restriction Iragmen.s ol 
IrPcTyN 4 t ° onl ain,ng the upstream deletion, see tr.ang.es m Fig. .0, -^MU'va.en, 
nAcYMI YN I plasmid (lacking the deletion) were exchanged as excmphl.ed m the centre and 
left h^d panels of Fig. M) Two recombinant transfer vectors were derived, namely 
pAcY M 1Y N I d and pAcRP6l YN 14-r. They wore used to produce the recombinant v.ruscs 
YM I YN l-d and RP6I Y N 14-r. respectively. When' these recombinants were employed to in ' LLl 
J cells, the recombinant RP6I YN 1 4-r (derived from .he vector tha d.dno have ,he 

deletion) synthesized , low quantity of N protein, equivalent to that made by R 61 N 4. Uv 
con ", th YM.YN.-d recombinant (derived from the vector conta.n.ng the dee ,on) 
svnh sized a large amount of N protein, essentially equivalent to that made by ^ Ml YN I (I .g 
9 "X«r.c.,onenzv 

be ones o R P6. Y N 14 and YM.YN.-d demonstrated that the viruses d.d no. ,n fact contain 
KnTl«am detelion ( data not shown). Whether all viable rccomb.nan.s derived Iron, the RP6 
nnsK vSors lack he deletion is not known. Analyses of other, independently produced 
re^binam viruses are required to investigate that question. However, the results obla.ncd lo 
r R P6 YN.4 and RP6?YNI4-r recombinants indicate that .he upstream deletion ,n I c 
PACRP6 ansfer vec.or is not responsible for the difference in expression between the ^ pAc :373- 
Jnd P AcRP6-der.ved recombinant viruses. Unless .here are other sequence changes tha. have 

complete l.CMV S DNA iMauuura al ^'™/lCMV and a recombinan. KP6I Y N M 

Iron, a pAcRI'6 iranMcr vector con.a.rong only ihe N gene ol LLM 
obla.ned from a pAcRPM .ranrfcr vector coma.nmg .he LCMV N^ 
«xl,ng region 4 rf.hcAcNPV^ 

***** , ^C^aS^ 

■ ,* bp) . ^ ivoi,, * ----- - r^cS -tr::r::^ 

hydroxide, a.kt '^-^ prohc -or .he N gene sequences 

tor .he recombinan , ru^ »M '^cNPV 1;lllc a 726 hp .ragmen, represeni.ng .he polyhci r,i, 
(Romanowski A; bishop. I ' or ine /\«. . ■ ,.,,„.isicd ol the 726 bp polvhcdrin 

coding region was employed. S,ze markers 

■sequence (right ndc I. and ;i mixiurc of UumHl fragments, rtprcscnunt 
ihe l-76kh N gene llet'i side). 
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l : ig. ID. Schematic diagrams ^1 the construction of transfer vectors pAc YM I YN I -d. pAcR 1*61 YN 14-r 
and pAcYMlYNI-.V as described in the text. 
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Kig. II. Analyses ol the upstream sequences of pAcYMI. pAcRI'6 ami p/\c373 transfer vectors. The 
small lUtmWX A7i»l restriction cn/yme fragments derived from (he three transfer vectors were 
recovered, digested wuh llm\\ (right* panel ) and fragments a c recovered. I : .ach fragment preparation 
was si rand -separated with the results shown in die lower left panel. 
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Fie P (tf)l-iTcci of iunicamycin(Tm)on (he expression ofGPC by recombinant baculoviruscs derived 
from P AcRP6 and pAcYMI transfer vectors. Confluent monolayers of Siru K ipvrda colls were .niccied 
at muli.plicitics of 10 p.f.u./ccll with wild-type AcNPV. or the rccomb.nanl viruses YMIYGI or 
RP6YG6 (derived from pAcYMI and P AcRP6. respectively: sec Maisuura cial. I986)and incubated 
it -»8 C For the Tm-ircalcd cells, the media were replaced IS h postinfection with medium containing 
Tm at either 0 I or 10 jig/ml as indicated. Alter an additional 0 h or incubation at 28 X. the cells were 
starved in incthiun.ne-frec media containing the appropriate amounts ol drug, then labelled lor 1 h in 
the same media containing ISpCi ! '^methionine per ml. The cell monolayers were rinsed, lysed in 
RIPA buffer and extracts resolved by electrophoresis in a l0° o polyacrylam.de gel as described by 
Laemmli (1970). folio we J by Ouorography. The position* are indicated tor the AcNPV polyhcdrin 
protein the LCMV GPC and expected 57 x11V 1 mol. *i. non-glycosylatcd (^cursor. C ' IC - 
(Romanowsku-M;/.. \Wl (/>) Immunoprcc.p.tat.on ot the approx. 72 * 10< mol. wi GPC and putative 
GPC proteins. Samples of the YM I G I -infected cells were immunoprccipilaieu with a polyclonal 
antiserum to LCMV or with non-immune control (rt antiserum as described in Methods. 



not been identified, it is likely that the difference in the level ol expression of the LCMV N 
protein is primarily accounted for by the difference in representation of the immediate upstream 
sequences of the polyhcdrin gene lor recombinants originating from P AcRP6 and pAcYMI. 

High level expression oj LCMV GPC protein hy recombinants possessing the complete upstream 

sequence oj the polyhcdrin gene 
The LCMV GPC gene was inserted into the pAcYMI vector. and the transfer vector 
P'\cYM 1 YC I was recovered. Using this vector the recombinant virus YM I YG I was obtained. 
By comparison with recombinant RP6YG6 (derived from the pAcRPG transfer vector; 
Matsuura et al 19*6). the amount of labelled LCMV GPC protein made in infected S 
tnwinerda ceils bv the YM I YG 1 recombinant was considerably greater than thai obtained with 
RP6YG6 Al least two other bands of protein that migrated ahead of the G PC protein appeared 
«« be virus-induced. These proteins were not present in AcNP V-mfectcd cells (Fig. 12) nor ■ in 
uninfected cells. The smaller of these species migrated with a mobility expected for the 
unelycosvlated form of GPC (GPC,,: Romanowski ,/ al.. mSl Both appeared rom 
.minunoprecipitation studies to be related to the LCMV glycoprotein (Fig. 1 2 . Peptide analyses 
are retired to confirm the relationships of these expressed proteins or to ^rmmc whether 
they represent degradation or premature termination (or other) products ol the LCMV gem.. 
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The imount of GPC protein made in the recombinant virus- in reeled cells was estimated to be ol 
■ he order of W of the labelled cell proteins (Fig. I 2). Analyses or stained gels inlcctcd with the 
YMIYGI recombinant also indicated that some 20"„ of the cell protein was the LCMV 
..Ivcoprotein (data not shown). As noted previously (Matsuura et ol.. I9S6). the GI'C protein 
micriicd as a broad band in pulyacrylamidc gels, presumably due lo the presence ol various 
ulycosylated forms. In order to obtain evidence that the GI>C protein "was glycosylated and to 
determine if either of the other faster moving bands was also glycosylated, the cllcd ol the drug 
tun.camycin was investigated. At concentrations of 1 and 10 ug per ml ol culture fluids, 
uinicamvcin inhibited the synthesis of GPC and the minor LCMV -induced protein that 
migrated between the GPC and putative GPC„ protein (Fig. 12). Although, particularly at. the 
hither concentration of lunicamycin. there were reduced quantities ol all the labelled proUjms. 
the putative GPC„ was not inhibited to the extent ol" GPC. However there was no increase in 
anv band concomitant with the decrease in GPC. These observations suggest that the largest 
two proteins were jV-glycosvlatcd. although the incorporation or appropriate labelled 
carbohydrate precursors will be needed to confirm this hypothesis. It had been expected that 
there would be a corresponding increase in the amount otunglycosylatcd GPC (GPC„) with the 
inhibition of glycosylation. Why this was not observed is not known. 

Electron micrographs ofS. frugipcrda cells infected with recombinant buculoviruses 
In view of the amounts of LCMV N and GPC proteins made by the YMI-dcrivcd 
recombinant viruses, an examination of electron micrographs or cells infected with the YMI- 
dcrivcd recombinant viruses was undertaken (Fig. 13). The micrographs were compared with 
uninfected cells (Fig. I3«). cells infected with AcNPV (Fig. 13A) and cells infected with a 
recombinant virus derived from pAcRPl containing LCMV S DNA that previous analyses 
showed did not make detectable amounts of LCMV N protein (Fig. 1 id. Matsuura el at.. 1986). 
For the YMIYNI recombinant virus that expressed large-quantities orLCMV N protein, many 
inclusion bodies were evident in the cytoplasm of infected cells (Fig. 13c). For the YMI YG1- 
inrcctcd cells although no inclusion bodies were evident, the cytoplasm ol the cells was seen to 
be highly vacuolated (Fig. 1 3 e. I ), and there was a dense endoplasmic reticulum surrounding the 
nucleus As expected, non-occluded viruses were evident in the nuclei or all the recombinant 
virus-infected cells. 

DISCUSSION 

Data have been obtained with recombinant baculov.ruscs which indicate that the level of 
expression or a foreign prote.n that replaces the AcNPV polyhednn gene is related ^tothc 
representation of the 5' upstream sequence of that gene. At least tor the expression of the tCM\ 
N protein, none o. the cou.ng sequences ol" the baculovirus polyhcdr.n gene, or 13 ol the 
immediate downstream nucleotides, appears to be required lor high level expression ol a foreign 
protein. By contrast, the results suggest that the immediate 5' upstream sequences arc important 
for high TcvcT expression. 

In the studies described in this paper a variety of transler vectors have been produced and 
used to make recombinant viruses that express the influenza virus HA protein. Using a cell- 
associated influenza virus HA assay, hmher expression was Qb.tuir.ed with increasing 
representation of the polvhcdrin upstream sequences However this correlation was apparently 
only valid up to the - 14 deletion (Table 1 >. Recombinants with smaller deletions (0. - 7, - 1 1 > 
did not aoocar to make more HA. although whether -his was because extra HA p.oie.n was 
made and expend from infected cells, or » nether the obsi-v.i.ion onlv reflected a limitation ol 
the cell-associated HA assay, has not been investigated. Protein analyses ol mlectcd cells ami 
their superhatalir .Tuids arc lequired' to resolve that point. 

For recombinants containing the LCMV genes, higher P^^T^ dUnc 
demonstrated for viruses derived from a new transfer vector pAcYMI (which I as all the 
up'ream sequences of the AcNPV polyhednn gene including .he A of .he mitia img ATG 
codon). than for recombinant viruses recovered from a transler vector pAcRI 6. « , hiO. 1 k ih 
first seven nucleotides of .he upstream sequence as well as the polyhednn ATG. In fact, the level 





I ig. I.V Electron micrographs of uninfected or infected S fru^iperda cells. The panels show Ut) 
u n i n fee led 6'. Jrt^ipcrJa . (h) AcNPV-in fected y Jru^ipvrda . U) S. fru^iperda 1 n Tec led with rcco ni b i n a n t 
YMI YNI. (</) .V frttfiipcnia infected with recombinant A25I derived from pAcKIM (Malsuura el «/.. 
19S6>. (c) S.frui;tfh>situ infected with recombinant YMI YG I and (/) cytoplasm ol" S Jru K tpvrda infected 
with recombinant YM I YG 1 Bar markers represent for (a), {hi (r) and (e) 5 pm. (</) 2 pm and (/) I pm. 



of expression of Ihe LCMV N gene by the recombinant YMI YNI derived from pAcYMI 
rivalled that of polyhedrin protein expressed by AcNPV (Fig. 9). In this connection it is perhaps 
noteworthy thai the Hanking sequences of the initialing ATG translation codons of the 
polyhedrin gene U : ig. 2) and the LCMV N and GPC genes (Romanow.ski & Bishop. 19b*5; 
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R ,nvnow<ki ./ «/ I W5) arc similar (A AT/1 rOC. AAA/1 7'G'T and AGG/I rCG. respectively). 
,'thou-h whether these have anv bearing on the level of translation ol the respective gene 
products in S Iru^nnL, cells is not known. Infection by YMIYNI resulted in numerous 
Llus.on lxxl.es in the cytoplasm of infected S. Jn.^rda cells (Fig. 13). > " 
recombinant virus derived from pAcYMl that expresses the P™ ,c, » l ) ^ ■ I " G I ). 

■ he level of GPC protein synthesis was also significantly higher than lor recombinant RI 6YG6 
derived from the pAcRI'O vector (F.g. 12). 6\ ./««,/.,■«/« cells infected with YM I YG I exhibited 
m extensive cytoplasmic vacuolation (F.g. 13). The reason lor the vacuolal.on is not known. It 
may be a result of the presence of large quantities of glycoprotein in the endoplasmic reticulum. 
Golgi apparatus and/or plasma membrane of the infected cells. I low a cell responds to jlic 
synthesis of larec amounts of glycoorotc.n is an area lor lulure investigation. 

Although the P AcRP6 translcr vector and us derivatives were lound to have an upstream 
deletion in an open reading frame, the presence of the deletion in the vector did not account for 
the reduced expression of a foreign gene by derived recombinants. In lact. analyses ol two 
recombinants obtained from vectors which had the deletion showed that the deletion was not 
present in the recombinant viruses, presumably due to the s.tcs of recombination between the 
AcNPV DNA and the DNA of the transfer vectors. Whether all recombinants derived Irom 
P AcRP6 lack the deletion because it is in an essential gene product is not known. 

The fact that recombinants derived from P Ac373 reproducibly made somewhat more LCMV 
N protein than recombinants derived from P AcRP6 (F.g. 7) may be or interest. Unless there arc 
other reasons that account for the difference, the only known sequence difference between the 
two transfer vectors is the presence of somr noo-viral sequences m the pAc373 transfer 
vector These sequences resemble a BamHl linker and may have or.g.nalcd from .mpunt.es 
present in the linker used to prepare the vector. It is possible that they act as a partial substitute 
for the missing polyhcdrin leader sequences allowing higher levels of expression. Whether the 
higher levels ot -expression by The pAc373" or YiM HTH -derive J rccoiffbinanls arc auc to higher 
rates of transcription or translation or even stability of the mRNA spcc.es is not known. 

We would like lo acknowledge the cxpcn.se of Ms Margaret Arnold lor the electron micrographs and Mr C. 
Hatlon lor photographic services. 
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